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PREFACE

This document was prepared by the John A. Volpe National
Transportation Systems Center (Volpe Center), in support of the
Federal Aviation Administration, Office of Environment and Energy.
It is a User's Guide for the Integrated Noise Model (INM) Version
4.11 computer software used to predict noise impact around
airports. This User's Guide is a supplement to INM, Version 3,
User's Guide - Revision 1, which was released in June, 1992, along
with the INM Version 3.10 computer software. The Version 4.11
supplement, prepared by the Volpe Center's Acoustics Facility,
presents computer system requirements as well as installation
procedures and INM Version 4.11 enhancements.
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1. INTRODUCTION

During June, 1992, through December, 1993, the John A. Volpe
National Transportation Systems Center (Volpe Center), in support
of the Federal Aviation Administration, Office of Environment and
Energy, developed Version 4.11 of the Integrated Noise Model (INM).
The User's Guide for the Version 4.11 computer software, prepared
by the Volpe Center's Acoustics Facility, is a supplement to the
Integrated Noise Model (INM), Version 3, User's Guide - Revision 11
for the Version 3.10 computer software released in June, 1992.
Section 1.0 of the supplementary document presents computer system
requirements and installation procedures for INM Version 4.11.
Section 2.0 describes the user's implementation of several new
capabilities, including descriptive examples. Appendix A describes
the technical revisions made to several internal algorithms -
primarily revisions which are transparent to INM users. Appendices
B and C, respectively, present a technical discussion of two new
capabilities, the takeoff profile generator and the capability to
account for airplane runup operations. Appendix D presents a copy
of the INM Input Testcase, revised to reflect INM Version 4.11
enhancements. Appendix E contains a copy of the User's Manual for
the WINM computer software, an INM Version 4.11 plotting program
for use with Microsoft Windows.

1.1 Computer System Requirements

INM Version 4.11 operates on an IBM Personal Computer
(PC)-Compatible platform with the following minimum
configuration:

* IBM PC-AT or compatible, Series 286
microprocessor;

* 3 MB of available hard disk space;
0 590 KB of Random Access Memory (RAM) or 3 MB of

RAM, if operating the INM from a RAM disk, as
discussed in Section 1.2.1 below;

0 Math co-processor, Series 80287; and
* Microsoft-compatible Disk Operating System (MSDOS)

Version 3.3.

In addition, the CONFIG.SYS file on the PC slated for INM
Version 4.11 installation must contain the following lines:
BUFFERS=30; and FILES=30.

1.2 Installation

The files on the INM Version 4.11 system diskette have been
stored in a compressed format using the PKZIP Version 1.1
utility software [Copyright (c) 1990 PKWare, Inc.]. With the
source drive prompt displayed on the screen, execute the
UNPACK batch file to install INM Version 4.11 on your PC:

* UNPACK <SOURCE DRIVI> cTARGZT DRIVE>
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For example, the command UNPACK A C will install, from the A
drive, INM Version 4.11 on the C drive in a subdirectory
called INM411. Note: The UNPACK batch file will, without
prompting, overwrite the contents of subdirectory INM411, if
one exists on the user-specified target drive.

1.2.1 RAM Disk Installation

Operation of INM Version 4.11 on a RAM disk will improve
computation time by an estimated 5 to 15 percent, as
compared to operating it from a hard-disk drive.
RAMDRIVE.SYS, an installable device driver supplied with
Microsoft-compatible DOS, allows a user to configure part
of the PC's RAM as if it were a hard disk (i.e., a RAM
disk, sometimes referred to as a virtual disk). The
following is an example installation of INM Version 4.11
onto a RAM disk. The user is referred to the DOS manual
and/or the manual supplied with any memory management
software being used if difficulties should occur.

To install RAMDRIVE.SYS for use with INM Version 4.11,
the following command line should be included in the
CONFIG.SYS file:

* DKV!CZC:\DOS\PADRIWV.SYS 3000/Z

Upon including the above command line in the CONFIG.SYS
file, the PC must be rebooted. After rebooting, the PC
will have a 3 MB RAM drive located in extended memory.
The RAM drive's logical, alphabetical drive designation
will be one letter higher than the highest current
physical drive on the PC (e.g., if a PC has a 5% inch A-
drive, a 3M inch B-drive, and a hard-disk C-drive, upon
rebooting, the RAM drive will be designated the D-drive).
The user may now install the INM software on the RAM
drive by designating it as the target drive for
installation. For example:

* A:\UNPACK A D

The above command will automatically install the INM from
the A-drive onto a subdirectory (INM411) on the RAM drive
(i.e., in this example the D-drive). The RAM drive must
now be logically connected to the hard drive using DOS's
JOIN command. To accomplish this, an empty subdirectory,
e.g., C:\RAM, must be created on the hard drive. From
within that subdirectory execute the following command:

* C:\RAMk\JON D: C:

1-2



This will assign the RAM drive, i.e., the D-drive, to
operate within the subdirectory C:\RAM on the hard drive.
Note: It is extremely important to remember that each
time the PC is reset or its power is turned off, the
information stored on the RAM drive will be lost. As a
result, --'- the INM is run from the RAM drive, all files
must be copied to a physical drive, e.g., a floppy drive,
prior to powering-off the PC.

1-3/1-4



2. IMPLEMENTATION OF INK VERSION 4.11 ENHANCEMENTS

This Section of the document describes the methodology for
implementing INM Version 4.11 enhancements. It includes a
background discussion of the enhancements, a brief discussion of
the need for the enhancements, and example implementation of the
enhancements. The following enhancements are discussed: (1) the
takeoff profile generator; (2) the ability to account for terrain
elevation around a specified airport; (3) the ability to compute
the CNEL, WECPNL, LEQDAY, and LEQNIGHT noise metrics; (4) the
ability to account for airplane runup operations; (5) the ability
to account for runway thresholds during approach operations; (6) an
enhancement to the noise contour computations; (7) an increase in
the number of takeoff profile segments; and (8) enhancements to the
echo file.

2.1 Takeoff Profile Generator

This enhancement allows for the computation of airplane
takeoff profiles based on the user-supplied airport elevation
and temperature entry in the SETUP section of the INM input
file. The takeoff profiles are utilized by the INM in the
computation of all noise metrics. Previous versions of the
INM utilize takeoff profiles which were based on standard-day
conditions, i.e., temperature of 59 0 F and airport elevation of
zero ft Above Mean Sea Level (MSL). Previously, the user-
supplied airport elevation (altitude) and temperature were
only used to compute an atmospheric acoustic impedance
correction.

The takeoff profile generator is made possible by the
inclusion of standardized airplane operating procedures and
performance coefficients in Data Base Number 11. These
procedures and coefficients are presented in References 2, 3,
and 4, and accessible from the Data Base using the ACDB11.EXE
computer program, supplied with the Version 4.11 release.
With the exception of INM airplane numbers 1, 6, 7, 8, 10, 24,
56, 100, 101, and four of the new airplane3 (INM airplane
numbers 104 to 107) discussed further in Appendix A, the
operating procedures and performance coefficients required for
takeoff profile computation are included in Data Base Number
11. For the airplanes without standard procedures and
coefficients the takeoff profile for standard conditions is
assumed regardless of the airport elevation and temperature.
Note: The incorporation of the takeoff profile generator will
not affect the standard approach profiles. The approach
profiles are the same as employed in INM Version 3.10.

Operation of the profile generator is time-efficient and
entirely transparent to the user. If other than standard-day
conditions are specified by the user in the SETUP portion of
the input file, the profile generator automatically computes
the takeoff profiles using the airplane performance
coefficients in Data Base Number 11 and the equations in the
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Society of Automotive Engineers Aerospace Information Report
1845s (SAE/AIR 1845). When an airport elevation and
temperature is not specified, the INM assumes standard
conditions and utilizes the standard profiles included with
Data Base Number 11, i.e., the internal profile generator will
not be exercised.

To insure the takeoff profiles and resultant noise metrics
computed by INM Version 4.11 are reasonable for the user-
defined input case, a runway length ch-ck has been instituted.
When the computed ground roll segment of the takeoff profile
exceeds the user-specified runway length, the user is notified
of the discrepancy. A message similar to the following is
included in the echo file.

0 WARNING: COMPUTED GROUND ROLL ERROR FOR INM AIRPLANE 747200,
STAGE WEIGHT 7, -- EXCEEDS USER-DEFINED RUNWAY LENGTH
BY X PERCENT FOR THE TAKEOFF ON TRACK TRI, RUNWAY 09L.

In r." cases this warning will indicate to the user that
there is an error in the input file, possibly in the user-
defined average yearly temperature, airport elevation, airport
runway length, or airplane stage weight. In cases where the
computed ground roll segment exceeds the runway length by more
than 10 percent, the above message will be included in the
echo file as a fatal error rather than a warning and the user
will not be permitted to continue processing of the input
case.

There may be instances where the user has correctly defined
the input case and the computed ground roll segment exceeds
the runway length by more than 10 percent. This apparent
anomaly may be the result of using the average yearly
temperature at the airport as an input. For example, a
particular airport may be capable of operating a high stage-
weight B747 airplane in the early evening or during winter
months only, when the temperature is significantly lower than
the average yearly temperature. In such cases it is suggested
that a user-defined profile be included in the input file.

In addition, there may be instances (e.g., high stage weights,
high temperatures, and high airport elevations combined) where
a negative rate-of-climb is computed. Consequently, a fatal
error will occur and a profile will not be generated. In such
instances, the user will be notified with a message similar to
that below; it is suggested that a user-defined profile be
included in the input file.

0 FATAL: PROFILE FOR INN AIRPLANE 747200, STAGE WEIGHT 7 CANNOT
BE COMPUTED.
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A technical discussion of the takeoff profile generator is
presented in Appendix B. In addition, Appendix B presents
tables which summarize the runway requirements and operaticnal
boundaries of the profile generator. These tables are
presented for various combinations of airport elevation and
temperature intended to cover the range of average yearly
conditions at airports across the United States.

2.2 Terrain Elevation

This user-selectable enhan,-ment included with INM Version
4.11 allows for the computation of source-to-receiver slant
range, i.e., propagation distance, based upon actual terrain
elevation at receiver locations around a specified airport.
The implementation of this enhancement can result in a vast
improvement in the accuracy of the noise computations at
airports located near hilly terrain, however its
implementation will result in an increase in computation time
by an estimated 50 to 100 percent. To utilize this
enhancement, INM Version 4.11 users must have the United
States Geological Survey (USGS) 3 Arc Second Elevation Data on
CD-ROM, available from:

Rocky Mountain Communications, Inc. (RMC)
2023 Montane Drive East
Golden, CO 80401
(303) 526-5454
(303) 526-2662 (FAX)

The USGS data are available for the entire United States or
parts thereof.

Prior to implementing the elevation enhancement within INM
Version 4.11, the preprocessing program, MAKEFILE.EXE, which
is included with the Version 4.11 distribution package, must
be run on the RMC Digital Elevation Model (DEM) files.
MAKEFILE.EXE constructs a 2.8 MB, one-degree by one-degree,
geodetic data file with the user-specified airport located at
the geographic center of the file. The file generated by
MAKEFILE.EXE, which has a three-letter user-defined prefix and
a .3CD extension (e.g., Boston's Logan International Airport
might be designated BOS.3CD), will be used by INM Version 4.11
to compute the source-to-receiver slant range. Use of the
MAKEFILE.EXE program is described below.

With the drive prompt displayed on the screen, type MAKEFILE
to invoke the program.

0 C:\INM411\ MAKIFILK

MAKEFILE.EXE will then prompt the user to enter a three-letter
airport identification, e.g., BOS, and the latitude and
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longitude of a reference point at the airport (e.g., the
beginning of the primary runway). In the following example
the latitude and longitude are for the start of Runway 09L at
Boston-Logan.

* ENTER 3 LTTER AIRPORT DDNTIFIZER (0X. ODOS)

* ENTER RUNWAY LAT COORD. DIGS MINI SECS (SX. 42 21 20): 42 21 20

S ENTER RUNWAY LONCOORD. DIGS MINS ECS (IX. 71 00 48): 71 00 40

The MAKEFILE.EXE program then computes the coordinates of the
southeast corner of a one-degree by one-degree data-block
based upon the start of the airport's primary runway being at
the geographic center of the block. The computed southeast
corner is displayed along with the four RMC DEM files required
to construct the one-degree Ll one-degree data-block around
the airport. The user is also given the option to overwrite
an existing or create a new BOS.3CD file, where BOS is the
three-letter airport identifier.

0 TEX SE CORNSR OF THE REQUIRED (321 DIG) DATA BLOCK IS: 41 52 70 31

* THE REQUIRED DI FILES ARE: NW FN=42071.3CD NI FNm42070.3CD
SW FN-41071.3CD 8S FN=41070.3CD

* DO YOU WISH TO CREATE A NEW BOS.3CD FILE (Y/N) ? Y

The user should type Y to overwrite/create a new file. If the
four DEM files exist in the current directory, the program
will create the BOS.3CD file without further prompting. If
MAKEFILE.EXE cannot find the required DEM files, it will
request that the user enter the drive where the DEM files are
resident. In addition, MAKEFILE.EXE will ask if the data are
on the RMC CD-ROM and, if so, copy them into the current
directory. If the four DEM files are not on the CD-ROM drive,
MAKEFILE.EXE will request the path where the files can be
found. The program will then construct the required one-
degree by one-degree data-file, with the airport's primary
runway at its approximate geographic center. The user will be
informed that the file has been constructed, and the minimum
and maximum elevation within the constructed one-degree by
one-degree block will be provided.

0 WRITING OF 0os.3CD IS COMPLZTE

The example BOS.3CD file is now ready for implementation by
the INM. To utilize the elevation data in the BOS.3CD file in
the computation of source-to-receiver slant range, the user
must specify, in the SETUP portion of the INM input file: (1)
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the three-letter airport code which identifies the specific
user pre-processed .3CD file; (2) the disk-drive location of
the .3CD file (Note: It is not necessary to specify the
location of the .3CD file if it is in the current directory;
also, if the .3CD file resides in a subdirectory, the path to
that subdirectory must be created prior to running INM.); and
(3) the latitude and longitude of a user-defined reference
point at the airport, where the X and Y coordinates of all
defined runways must be referenced to this point. To insure
that the user has identified the appropriate .3CD file, the
INPUT.EXE program will test the user-defined reference point
at the airport against the stored reference in the .3CD file.

In the following example the user has: (1) specified Boston's
Logan International Airport; (2) identified the C-drive as the
location for the BOS.3CD file; and (3) specified the latitude
and longitude of a reference point at Boston-Logan.

0 SETUP:

TITLZ <EXAMPLZ DPLEIUNTATION OF ELEVATION ENHANCUaTW>
AIRPORT <cLEVATION EZXAMPLE>

CODE so$
DRMV C

IAT=TD 42 21 20
TOOGITUD3 71 00 48

With the elevation enhancement invoked as described above, all
noise-level computations are performed based upon the actual
source -to- receiver slant range, rather than assuming a flat
terrain as was the case in previous versions of the INM.

In addition, the data in the BOS.3CD file are used to compute
the slope of a three-by-three arc-second tangential ground
plane, with the receiver at its physical center. This ground
plane is used in the computation of the source -to -receiver
elevation- angle, beta, required by the lateral attenuation
algorithm in the INM. The beta angle is defined as the angle
subtended by the propagation path from the airplane to the
receiver and the three-by-three arc-second ground plane.
Figures 2-1 and 2-2, respectively, depict the beta angle for
two scenarios: (1) previous versions of the INM (i.e., flat
terrain); and (2) INM Version 4.11.

2.3 CNEL, WECPNL, LEQDAY, and LEQNIGRT Noise Metrics

The capability to compute four additional noise metrics has
been included in INM Version 4.11. They are the Community
Noise Equivalent Level (CNEL), Weighted Equivalent Continuous
Perceived Noise Level (WECPNL), Equivalent Sound Level During
Daytime Hours (LEQDAY) , and Equivalent Sound Level During
Nighttime Hours (LEQNIGHT). The addition of these four
metrics brings the total number of metrics available for
computation by the INM to eight (NEF, LEQ, LDN, TA, CNEL,
WECPNL, LEQDAY, and LEQNIGHT). As was the case in previous

2-5
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Scenazio 1

*b * . tk -- aI
.ipm jam

FIGURE 2-1: BETA ANGLE FOR INM VERSION 3.10 AND
BEFORE

Scenario 2

FIGURE 2-2: BETA ANGLE FOR INM VERSION 4.11

2-6



versions of the INM, Version 4.11 allows for the computation
of all metrics simultaneously in grid mode or a single user-
defined metric in contour mode for a given input case. A
brief description of the CNEL, WECPNL, LEQDAY, and LEQNIGHT
noise metrics follows:

(1) Community Noise Eauivalent Level (CNEL): The CNEL noise
metric, which is primarily used in California, is similar
to the Day-Night Sound Level (LDN) metric in that it
incorporates the energy-averaged A-weighted sound level
integrated over a 24-hour period. However, unlike LDN,
CNEL incorporates an additional penalty for operations
occurring between the evening hours of 1900 and 2200
hours. For CNEL, a 3 dB penalty is applied to operations
occurring between 1900 and 2200 hours, and a 10 dB
penalty is applied to operations occurring between 2200
and 0700 hours. The equation for computing CNEL within
the INM is as follows:

CNEL = SEL + 10logl 0 (Ndy + 3N, +10Nnight) - 49.4,

where SEL = Sound Exposure Level in dBA;

N= number of operations between
0700 and 1900 hours local time;

Nwe = number of operations between
1900 and 2200 hours local time;

N.ight = number of operations between
2200 and 0700 hours local time;

and 49.4 constant which normalizes CNEL
to a 24-hour period, (i.e.,
101ogl0 (1/86,400 sec/day) -

-49.4).

(2) Weighted Ega-yAlent Continuous Perceived Noise Level
(WECPNL): Thý; WECPNL noise metric, which is primarily
used by the European Community, is based upon the PNLT
noise metric and is computed within the INM as follows:

WECPNL = EPNL + 10logl0 (Ndy + 3Nev. +10Night) - 39.4,

where all definitions are the same as in CNEL,
above, except:

EPNL = Effective Perceived Noise Level
in dB; and

39.4 (49.4 - 10); where 49.4 is the
constant which normalizes
WECPNL to a 24-hour period,
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(i.e., I0log, 0 (1/86, 400
secs/day) = -49.4); and -10 is
the duration normalizing factor
in the definition of EPNL.'

(3) Equivalent Sound Level During Daytime Hours (LEODAY):
The LEQDAY noise metric is an energy summation of the
aggregate environment, as measured in A-weighted decibel
units (dBA) normalized to the 15-hour time period from
0700 to 2200. The equation for computing LEQDAY within
the INM is as follows:

LEQDAY = SEL + 10log1 0 (Ndy + Nw) - 47.3,

where all definitions are the same as in CNEL,
above, except:

47.3 = constant which normalizes
LEQDAY to the 15-hour period
from 0700 to 2200, (i.e.,
101og10 (1/54,000 sec) - -47.3).

(4) Eauivalent Sound Level During Niahttime Hours (LEONIGHT):
The LEQNIGHT noise metric is an energy summation of the
aggregate environment, as measured in A-weighted decibel
units (dBA) normalized to the 9-hour time period from
2200 to 0700. The equation for computing LEQNIGHT within
the INM is as followst

LEQNIGHT = SEL + 10loglo(Night) - 45.1,

where all definitions are the same as in CNEL,
above, except:

45.1 constant which normalizes
LEQNIGHT to the 9-hour period
from 2200 to 0700, (i.e.,
101ogl 0 (1/32,400 sec) = -45.1).

2.4 Airplane Runup Operations

This enhancement allows INM Version 4.11 to compute noise
levels due to airplane engine runup operations. The need for
this particular enhancement is recognized primarily around
airplane maintenance facilities. To invoke this capability
the user must define an airplane runup in the TAKEOFF section
of the input file as follows:

0 INT.IKU.
TAXEOFFS BY PREQUENCY:

TRACK RUM RUY 09L STRAIGHT 50
OPERATION 747200 RUNUP 1 Dm30
OPERATION 747200 STAGE 4 Dm80

<OR>
OPERATION 747200 STAGE 4 Dm60 RUNUP 1 D=30
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In the above example, a 30 second (D=30) runup operation is
defined for a B747-200 airplane operation at the thrust
setting of Stage Weight 1. The runup, as specified, takes
place on a runway designated as 09L and a track designated as
RUl. STRAIGHT 50 defines the length of the track in nautical
miles. In fact, the track length for runup operations is
ignored in the computation of runup noise. For runup noise
computations it is assumed that the airplane covers a track
with an arbitrarily -!hosen fixed length of 20 ft. The
specific location and heading of the runup operation in the
above example must be defined in the RUNWAYS section of the
input file as shown in the following:

RUNWAYS
Rw 09L-27R 0 0 TO 9487 -497

In the above example, the runup operation takes place at the
start of an active runway, i.e., Runway 09L. If the user
wants to define a runup operation at a location at the airport
other than on an active runway, e.g., at a maintenance
facility, then the maintenance facility must be defined as if
it were a runway. Here it is suggested that a maintenance
facility, or any other location specified for a runup
operation, be defined as a runway which is 20 ft in lenyth.
The definition of a maintenance facility as a 20 ft runway is
shown in the following example.

* RUNWAYS
RW 13-31 0 5000 TO 20 5000

The above runup definitions assume that the full-power takeoff
thrust associated with the user-defined stage weight is
maintained for the duration of the runup. However, runup
operations can occur at other than full-power thrust. To
model such instances, a user-defined runup should be included
in the input file as follows:

0 AXRCRAMPT:
TYPES

AC 747200 STAGE 1uRU

PROFILES TAKEOFF
PF RU SEGENTS3 WEZGMT=525000 ENGINES=4

DISTANCES 0 10 20
ALaTITUDES 0 0F 0
SPEZDS 160 16o 160
THRUSTS 35022 35022

INT.NM.
TAKEOFFS BY FREQUENCY:

TRACK RU RWY 09L STRAIGHT 50
OPERATION 747200 RUNUP 1 D=30
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In addition, the specific location, e.g., the start of a
runway or at a maintenance facility, and heading of the runup
operation in the above user-defined example must be specified
in the RUNWAYS section of the input file as discussed earlier
in this section. A technical discussion of the airplane
engine runup capability is presented in Appendix C.

2.5 Approach Runway Thresholds

The capability to account for displaced runway thresholds for
approach operations has been added to INM Version 4.11. In
previous versions of the INM, the runway touch-down point was
assumed to be a fixed 954 ft from the edge of the runway for
airplanes with a three degree approach glide slope, and 572 ft
for the four airplanes with a five degree approach glide slope
(INM airplane numbers 74 to 77). With INM Version 4.11, a
user-defined displaced threshold (DT), either positive or
negative, is added to the fixed runway touch-down point. To
insure realistic DT's are defined by the user, they are
checked versus the runway coordinates. If discrepancies
exist, the user is notified in the echo file, as appropriate.
In the following example, a 1454 ft runway touch-down point
has been defined in the SETUP section of the input file for
Runway 09L (i.e., 500 ft for the user-defined DT plus 954 ft
for the fixed touch-down point); and a runway touch-down point
oi 954 ft has been defined for Runway 27R:

TITLE EZXAMPLE IKPLEMENTATZON OF APPROACH RUNWAY THRNSHOLD>
AIRPORT cRUNWAY THRESHOLD EXAMPLE>

ALTITUDE 23
TZIPERATURE 12.66 C

RUNWAYS
RW 09L-27R 0 0 DT j00 TO 9487 -497 DT 0

<OR>
RW 09L-27R 0 0 DT SRO TO 9487 -497

The above runway definition is depicted graphically below:

Runway 09L-27R

954 ft 1454 ft 954 ft
(Fixed) (Defined) (Fixed)

FIGURE 2-3: RUNWAY DEFINITION
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The inclusion of the 500 ft user-defined DT results in a
runway touchdown point 1454 ft from the start of Runway 09L
(i.e., 500 ft for the user-defined DT plus 954 ft for the
fixed touch-down point).

2.6 Noise Contour Computations

INM Version 4.11 provides, in the echo file, a warning to
users when there are insufficient grid points to accurately
compute a specific noise contour. In previous versions, the
INM would automatically make the determination that there were
insufficient grid points, and return a run-time error to the
computer display without further explanation. The INM's noise
computation window must be redefined to encompass additional
grid points in the area of interest.

If the user-defined computational window is too coarse to
allow computation of a requested contour or the requested
contour is not encompassed by the window, INM Version 4.11
will include a message in the echo file which is similar to
the following:

S CONTOUR CONTOUR ARNA
LEVEL (SQ. MILES)

CN 3 *WARNING: LDN 30.0 CONTOUR DONS NOT EXIST

In the above example, the defined window was either too coarse
to reliably compute the user-requested 30 dB LDN contour or
the contour was not encompassed by the window.

2.7 Takeoff Profile Segments

INM Version 4.11 provides for user-defined takeoff profiles
with up to 18 segments. Previous versions of the INM limited
the number of segments to 14. This enhancement allows for
more precise user-defined takeoff profiles. It will also more
easily facilitate the incorporation of a flight-procedure
generator planned for a future version of the INM, since
certain procedures may require higher resolution profiles, and
thus more segments.

2.8 Echo File

All output reports generated by INM Version 4.11 have been
modified to account for the enhanced capabilities discussed in
Section 2.0, above.
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APPENDIX A

REVISIONS TO IN ALGORITM4S

This Appendix discusses, in general terms, revisions to several
algorithms and subroutines included in INM Version 4.11. It also
discusses the rationale for these revisions and presents their
effects on the noise contours, where applicable. The associated
computer source code is not included. All revisions discussed
below are transparent to the user in that they do not affect user-
operation of the INM. However, these revisions will result in more
accurate INM noise predictions and an increase in INM computational
efficiency. They include: (1) revisions to the flight
significance testing within the INM; (2) implementation of a
directivity smoothing equation; (3) revisions to the dipole
directivity pattern within the INM; and (4) revisions to the INM
Data Base.

A.1 Flight Significance Testing

The methodology employed for determining flight noise significance
during grid computations has been streamlined in INM Version 4.11.
Rather than looping through each of the first four refinement
levels individually and constructing the noise grid on a level-by-
level basis, INM Version 4.11 begins by constructing the 17-by-17
point regular grid previously associated with the fourth refinement
level, and setting all parameters associated with the 289 total
points, including the noise significance flags for each point.

In restructuring the flight significance methodology, it was
discovered that INM Version 3.10 was performing unnecessary (i.e.,
insignificant) noise computations due to improper setting of the
flight significance flags. This impropriety had no effect on the
computed noise levels but it did increase run-time unnecessarily.
Revising the methodology for grid development, including the proper
setting of flight significance flags, improved computation time by
an estimated 40 percent over INM Version 3.10, for comparable input
cases.

A.2 Directivity Smoothing Equation

The directivity algorithm of SAE/AIR 1845 implemented for receivers
behind start-of-takeoff roll, which is based on field-measured data
published in 1980, has been maintained within INM Version 4.11.
However, a directivity smoothing equation, operating as a function
of distance, has been implemented. In previous versions of the
INM, the directivity algorithm is applied to noise levels behind
start-of-takeoff-roll regardless of lateral distance. In the 1980
study, measurements were made at distances from start-of-takeoff-
roll of only 970 to 1280 ft. Recent studies6" have indicated that
INM Version 3.10 tends to underpredict noise levels behind start-
of-takeoff-roll at distances of 3000 to 5000 ft, well beyond those
represented in the 1980 study. This underprediction was especially
evident for measurements made directly behind the airplane where
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the reduction in noise level due to the directivity algorithm is
most pronounced.

As a result, an equation has been incorporated into INM Version
4.11 which smooths out the directivity effect as a function of
distance behind the airplane, beginning at a distance of 2500 ft.
The smoothing algorithm reduces the directivity effect in decibels
by a factor of 50 percent per doubling of distance behind the
airplane, beginning at a distance of 2500 ft. For example, a noise
level attenuation of 10 dB computed by the directivity algorithm at
a distance of 2500 ft will be reduced to 5 dB at 5000 ft due to the
smoothing equation.

The smoothing equation built into INM Version 4.11 was empirically
and conservatively derived from the data of Reference 6, the more
detailed study of the two cited above. However, it is strongly
recommended that additional measurments behind start-of-takeoff-
roll be performed at a variety of offset distances and azimuth
angles at several sites across the country to fine-tune the
smoothing equation.

A.3 Dipole Directivity Pattern

The 900 dipole directivity pattern was originally instituted within
the INM as a means of approximating the directivity characteristics
of an airplane in flight. Although the exact directivity
characteristics are a function of parameters such as airplane type,
power setting, speed, and distance, the dipole model has served as
a reasonable approximation. In INM Version 4.11, the 900 dipole
directivity pattern has been modified. Figures A-i and A-2 depict
the dipole directivity pattern of INM Version 3.10 and earlier
versions, and the modified pattern of INM Version 4.11,
respectively. For INM Version 4.11, the original dipole
directivity directly in front of and behind the airplane has been
suppressed. In addition, the directivity algorithm of SAE/AIR
1845, with the addition of the smoothing equation discussed in
Section A.2 above, is applied behind the airplane for all modes of
operation. See Appendix C for a discussion of the appropriateness
of the modified directivity pattern for runup operations.

I1jPMN APPLUE

/ ,

FIGURE A-1: DIPOLE DIRECTIVITY PATTERN, FIGURE A-2: MODIFIED DIRECTIVITY PATTERN,
INM VERSION 3.10 AND BEFORE INM VERSION 4.11
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The effect of the modified directivity pattern on the noise
contours is depicted in Figures A-3 and A-4, below. Figure A-3
shows the effect on the SEL footprint for a single takeoff
operation of the B737-200 airplane (INM number 47). Figure A-4
shows the effect on the LDN contour for the INM Input Testcase
provided with INM Version 3.10.

-----. INM VERSION 3.10
AND BEFORE
INM VERSION 4.11

FIGURE A-3: SEL TAKEOFF FOOTPRINT COMPARISON FOR B737-200
AIRPLANE

65

-----. INM VERSION 3.10
AND BEFORE

-- INM VERSION 4.11

FIGURE A-4: LDN CONTOUR COMPARISON FOR INM INPUT TESTCASE
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A.4 Data Base Number 11

Data Base Number 11 has been created through modifications,
consisting primarily of the removal of artifacts from previous
versions of the Data Base, and the addition of six new airplanes.
As discussed in Section 2.1, Data Base Number 11 was expanded to
include airplane performance coefficients and standard flight
procedures required for use with the takeoff profile generator.
With the exception of INM airplane numbers 1, 6, 7, 8, 10, 24, 56,
100, 101, and four of the new airplanes discussed below, procedures
and coefficients required for profile generation are included in
the Data Base. For those airplanes without standard flight
procedures and coefficients, the takeoff profile for standard
conditions is utilized regardless of airport elevation and
temperature.

In addition, six new airplanes have been added to Data Base Number
11 (See Table A-i). They include the MD11 with the CF6-80C2DlF and
PW4460 engines (INM numbers 102 and 103, respectively), the F-16A
with the Fl00-PW-200 engine (INM.number 104), and the F-16C/D with
the FIl0-GE-100, F100-PW-220, and F100-PW-229 engines (INM numbers
105, 106 and 107, respectively). The Noise-Power-Distance (NPD)
data, standard-day profiles, performance coefficienzs and standard
flight procedures included in the Data Base for the MD11 airplanes
were obtained from the McDonnell Douglas Corporation.

The Volpe Center extracted the NPD data for the F-16 airplanes from
the United States Air Force's (USAF) data base which is part of
their NOISEMAP suite of computer programs. NOISEMAP, the military
counterpart of the INM, is used for predicting noise exposure
around airports dominated by military operations. The USAF data
were normalized to an airspeed of 160 knots and adjusted for the
effect of duration consistent with the procedures for developing
the INM data base. The standard-day profiles, which are the same
for the four F-16 airplanes, were also extracted from the USAF's
data base. They are considered typical for transient F-16
airplanes. However, due to significantly varying takeoff
procedures for F-16 airplanes throughout the world a user-defined
takeoff profile may be more appropriate.

TABLE A-1: INM VERSION 4.11 DATA BASE AIRPLANE DEFINITIONS

Takeoff Profiles by Trip Length (CA)
Airplane category Noie Apprh

0- S00- 1000- 1500- 2500- 3S00- over
S eurs Description Name N am Sa00 1000 1S00 2500 3500 4S00 4500

102 M1G M--1/C76-60c2DIF 3COa 66 2CF68D 102 374 37S 376 377 376 379 380

103 W -I.W 14D-I/PN 4460 JCOM4 69 VU4460 103 361 382 3S3 384 36S 366 387

104 P26A P-16A/PM-200 3C4L 70 PW200 104 368 0 0 0 0 0 0

105 T1603 7-16C/DIO.-100 J1IL 71 Galoo 105 389 0 0 0 0 0 0

106 Fl6iO 7-16C/D/PW-220 JNIL 72 W220 106 390 0 0 0 0 0 0

107 116W9 P-16CIIM/ -229 J1NZL 73 -229 107 391 0 0 0 0 0 0
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APPEDIIX B

TAKEOFF PROFILE GENERATOR

This Appendix presents a technical discussion of the takeoff
profile generator within INM Version 4.11. The discussion, based
on the algorithms of SAE/AIR 1845 and the aerodynamic coefficients
and standard flight procedures in Data Base Number 11, is presented
in two sections. The first section describes the computation of
individual takeoff profile segments under standard conditions,
i.e., airport temperature of 59°F and airport elevation of zero ft
Above Mean Sea Level (MSL). The second section describes the
computation of individual takeoff profile segments under non-
standard conditions.

The horizontal distance and altitude increments computed for each
acceleration segment at standard conditions are utilized for
segment computations at non-standard conditions. In fact, the
altitude Above Ground Level (AGL) at the end point of each segment
is the same for the non-standard and standard profiles. However,
for the non-standard case, the ground roll length of the takeoff
segment and the flight angles of the airborne segments are modified
in response to the user-defined airport conditions using the
equations described below. The non-standard computations are
achieved by: (1) an introduction of a specially developed routine
for computation of atmospheric coefficients at a given altitude MSL
as a function of the airport temperature and elevation; and (2)
development of a routine for the automated adjustment of the rate-
of-climb for acceleration segments due to atmospheric conditions.
With the atmospheric coefficients and the rates-of-climb controlled
by the user-defined airport elevation and temperature, the SAE
equations remain intact.

The takeoff profile generator has been tested for non-standard
temperatures from -10 to 100 0 F and airport elevations up to 6000 ft
MSL. Accordingly, the third section of this Appendix presents a
set of tables which summarize the runway requirements and
operational boundaries of the takeoff profile generator for various
combinations of airport elevation and temperature (Tables B-i
through B-9).

B.1 Standard Conditions (150C, Zero ft MSL)

This section describes the computation of a standard-condition
takeoff profile on a segment-by-segment basis. The Subscripts 1
and 2 refer to the beginning and end of the segment, respectively.
The following definitions, constants, and ratios apply to all
computations described herein:

Gravitational Constant: g 32.17

Thermal Gas Constant: R& - 1716.2

Temperature Lapse Rate: L 0.003566 OF/ft or OR/ft
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Standard Temperature,*F: Tti. Tf- - 59.0

Standard Temperature,OC: Te - T.0  - 15.0

Standard Temperature,*R: TV a Tro 518.67

Temperature Ratio: THETA - 1- E(L) (H) /TI], where H, is the
altitude MSL for segment
point X

Pressure Ratio: DELTA - THETA(V"(LOW1

Density Ratio: SIGMA - THETA' (9/"Re) (,)"'

Airport Elevation MSL: Hp - 0.0 ft

Brake Release Gross Weight W W

Number of Engines
supplying Thrust N

GROUND ROLL SEGNMET

For the ground roll segment the following apply:

Airport Temperature: Te1  - T. 2  - T9

Pressure
Altitude MSL: H, a H2 = H-

Initial Calibrated
Airspeed: V©1  a 16.0 kts

Given the above, the remaining parameters for the ground roll
segment are computed as follows:

Initial Thrust: Th, - E + F(Vj1 ) + GI(HO) + G2(Hj)2 + H(T.1 )

Final Calibrated
Airspeed: V - (C) (W)W

Final Airplane
True Speed: Vt2  - V2/ (SIGMA) M

Final Thrust: Th2  - E + F(V2) + G1 (H2 ) + G2 (H2 ) 2 + H(T.)

Segment Horizontal
Length: S9 [ (B) (THETA) (W/DELTA) 2] / 1 (N)Th2]

where E, F, G2, G2, and H are engine-dependent coefficients from Data
Base Number 11 for maximum takeoff thrust mode;

C is a coefficient from Data Base Number 11 which is
appropriate to the takeoff flap/slat setting;

B is a coefficient from Data Base Number 11 which is
appropriate to a specific airplane/flap-deflection
combination, and varies only with the takeoff flap/slat
setting; and

SIGMA, THETA, and DELTA, defined above, are constants equal to
1 at sea level.
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CLnm BZIZm

For climb segments the following apply:

Initial Calibrated
Airspeed: V., VC2 of the previous segment

Final Calibrated
Airspeed: VC2 vc.

Initial Thrust: Th, - Th 2 of the previous segment

Initial Temperature: T.1  - To2 of the previous segment

Initial Pressure
Altitude MSL: H, H2 of the previous segment

Final Segment
Altitude AGL: Alt. - As specified in the standard

flight procedr *

Given the above, the remaining parameters for the climb segment are
computed as follows:

Final Segment
Altitude MSL: H2  Altd + Ha

Average Segment
Altitude: H.V 0.5 (H + H2)

Final Segment
Temperature: TC2  [(TfIa - L(H 2 )) - 32] (S/9)

Average Segment
Temperature: TmW - [(Ttp - L(HN.a) - 321 (5/9)

Average Calibrated
Airspeed: Va.. - V., - Va

Average Segment
Thrust: Th"w - E + F(V,.w) + G,(Hn,) + G2 (H.,q) + H(T~,)

Average Airplane
Weight: W." - W/ [THETA] 19/ "Re) (L)) 1

Sine of the
Flight Angle: SIIl,, - k (N) (Th.,,/W..) ] - R)

where k 1.C! ior Vcan s 200; and
0.95 for V•,,, > 200

Cosine of the
Flight Angle: COSV - (1 - SINW, 2) W

Horizontal Segment
Distance: S9 (H2 - H,) / (SINg/COSa,9)

Final Segment
Thrust: Th 2  E + F(V,2 ) + G,(H 2 ) + G2 (H2 ) 2 + H(T12 )

Final True
Speed: VtL 2 V.2/ (SIGMA)"

where E, F, G1, G2, and H are engine-dependent coefficients from Data
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Base Number 11 for the thrust mode defined in the standard
takeoff procedure; and

R is a coefficient from Data Base Number 11 which is the non-
dimensional ratio of the airplane's drag coefficient to lift
coefficient for a given flap setting and airplane
configuration. The landing gear is assumed to be retracted.

ACCEALRATION SGMENT

For acceleration segments the following apply:

Initial Calibrated
Airspeed: Ve U V. of the previous segment

Initial Airplane
True Speed: Vtl a V,, of the previous segment

Initial Thrust: Th, a Th. of the previous segment
Initial Temperature: T, - T, of the previous segment

Initial Pressure
Altitude MSL: H - H2 of the previous segment

Final Calibrated
Airspeed: V, * As specified in the standard

flight procedure

Rate-of-Climb: Vt - As specified in the standard
flight procedure

Given the above, computation of the remaining parameters is
performed using an iterative procedure to arrive at the altitude
increment, DelH. If the difference between DelH and DelHC (the
computed altitude increment for the current iteration) is greater
than one ft, DelH is set equal to DelHc, and the iterative process
is repeated until a difference of one ft or less is achieved.

Initial Assumed
Altitude Increment: DelH - 250 ft

Start of Iterative Loop:

Final Segment
Altitude MSL: H2 W H, + DelE

Final Segment
Temperature: TO2  { [Ttp - L(H 2)] - 32) (5/9)

Final True
Speed: Vt 2  W V. 2 / (SIGMA)"

Final Segment
Thrust: Th 2  - E + F(VC2) + G,(H2) + G2 (H2) 2 + H(T12 )

Average Segment
Thrust: Th - 0.5 (Th, + Th 2 )

Average.
True Speed: Vay, a 0.5 (Vtl + vt2)
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Average Segment
Altitude: H19 H1 + 0.SDe1H

Average Airplane
Weight: W W/{[THETA] L/UIcHL-)l}

Sine of the
Flight Angle: SINa. - V,.,/(101.2686Vta..)

Flight Angle: GAMMA - arcsin(SIN,.)

Horizontal Segment 0.042062(Vt2 2 
- Vt, 2 )

Distance: S9 (N) (Thq)/W,] - Ry,• - SINn,

Computed Altitude
Increment: DelH, - Ss[tan(GAMMA)] (1/0.95)

Deviation of the
Computed Altitude
Increment from the
Altitude Increment
Assumed at the Start
of the Current
Iteration Cycle DEV - abs[De1lH - DelH3

At this point the status of the iterative process is checked. If DEV is
less than 1 ft, then the iterative process is complete. Otherwise,

Altitude
Increment: DelH - DelHn

and the iterative process is repeated as above.

where E, F, G1, G., and H are engine-dependent coefficients from Data Base
Number 11 for the thrust mode defined in the standard takeoff
procedure; and

R4yg is a coefficient from Data Base Number 11 which is the non-
dimensional ratio of the airplane's drag coefficient to lift
coefficient for a given flap setting and airplane configuration.
The landing gear is assumed to be retracted.

THRUST RUDUCTION SZGWMEN

A thrust reduction segment of 1000 ft (horizontal distance) is
introduced to allow for a smooth transition of the thrust
associated with the Federal Aviation Regulations, Part 36 thrust
cutback point. This segment replaces the first 1000 ft of
horizontal distance of the next segment which may be either a climb
or an acceleration segment. Computation of the parameters
associated with the thrust reduction segment and the next segment
is performed simultaneously. For the thrust reduction segment the
following apply:

Initial Calibrated
Airspeed: =1 VC of the previous segment

Initial Pressure
Altitude MSL: H1  W H, of the previous segment

Initial Temperature: Tc1  = To2 of the previous segment
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Initial Thrust: Th., M Th2 of the previous segment

Initial Airplane
True Speed: vtl - Vt, of the previous segment

Horizontal Distance of the
Thrust Reduction Segment: S1 W 1000 ft

Given the above, the final thrust for the cutback segment is computed as
follows:

Thrust: Th1 2  E + F(VC') + G'(;x) + G2 (H})2 + H(Tr1 )

where E, F, G1, G2, and H are engine-dependent coefficients from Data Base
Number 11 for the thrust mode defined in the standard takeoff
procedure.

Thrust Reduction Followed by an Acceleration Segment:

When the thrust reduction segment is followed by an acceleration segment,
the initial thrust of the acceleration segment is set equal to Th,, and
computation of the remaining parameters associated with the acceleration
segment is performed as described previously. The remaining parameters of
the thrust reduction segment are computed as follows and the thrust
reduction segment replaces the first 1000 ft of the acceleration segment:

True Speed
at the end of the
thrust reduction
segment: Vtr2  V* + (vM2 - V 1) (1000/S)

Segment Altitude MSL
at the end of the
thrust reduction
segment: Hr2  H, + DelH(1000/S,)

where Vt., S., and DelH are parameters computed above for an acceleration
segment.

Thrust Reduction Followed by a Climb Seqment:

When the thrust reduction segment is followed by a climb segment, the
initial thrust of the climb segment is set equal to Th,, and computation
of the remaining parameters associated with the climb segment is performed
as described previously. The remaining parameters for the thrust
reduction segment are computed as follows and the thrust reduction segment
replaces the first 1000 ft of the climb segment:

True Speed
at the end of the
thrust reduction
segment: V a V - Vt2

Segment Altitude MSL
at the end of the
thrust reduction
segment: H, H, + (H2 - H) (1000/S,)

where V12, H2 and S. are parameters computed above for a climb segment.
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The above computations assume the airplane is jet-powered and that
the required thrust computations are performed in lbs-thrust.
However, if the airplane is propeller-powered the following
parameters are factored into the above computations: (1)
propeller efficiency and installed net propulsive power for maximum
takeoff thrust; and (2) propeller efficiency and installed net
propulsive power for maximum climb thrust. In addition, for a
select few airplanes, the thrust for a particular segment is given
in the standard flight procedure as fixed and as such is not
computed by the takeoff profile generator. Finally, for airplanes
in Data Base Number 11 for which thrust is expressed in percent-
RPM, an intermediate computation is performed to convert to Ibs-
thrust.

B.2 Non-Standard Conditions

This section describes the computation of a non-standard-condition
takeoff profile on a segment-by-segment basis. Non-standard
conditions exist when either the airport elevation is not zero ft
MSL and/or the airport temperature is not standard at the airport
elevation. The following definitions, constants, and ratios, based
upon the concept of density altitude, supplement those described
for standard conditions and apply to all computations described
herein:

Gravitational Constant: g - 32.17

Thermal Gas Constant: R = 1716.2

Temperature Lapse Rate: L - 0.003566 OF/ft or *R/ft

Airport Elevation MSL: Hap User-defined in ft

Non-Standard Temperature
at Airport Elevation: Tfp - User-defined degrees F

Standard Temperature,OR: T 0  W 518.67

Standard Temperature Lapsed
to Airport Elevation, OR: Trap = Ti,, - (L) (Hap)

Temperature at
Altitude, OR: T, = Tra,,p - (L)( - Hap)]; where H.

is the altitude MSL for segment
point X

Standard Air Pressure: P0  = 2116

Standard Air Pressure
at Altitude: P = (P0 ) (DELTA)

Standard Air Density: R0  0.002328

Air Density
at Altitude: R = P/[(R,) (TrI)]

Non-Standard Density Ratio: SIGMA,.= R/R 0
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Non-Standard
Temperature Ratio: THETA. SIGMAbd1(gt(Re) WL) -11))

Non- Standard
Pressure Ratio: DELTA..= THETAju (9/ c1 (L W I)

GROWND ROLL SIGR(NT

For the ground roll segment the following apply:

Airport Temperature: Tc1  - T. 2  - (Tc - 32)(5/9)

Pressure Altitude MSL: H, a H2  - Ha

Initial Calibrated
Airspeed: - 16.0 kts

Given the above, the remaining parameters for the ground roll
segment under non-standard conditions are computed as in Section
B.1, Standard Conditions, using the non-standard THETA, SIGMA, and
DELTA, as appropriate.

CLIM1 SEOMBNT

The parameters for the climb segment under non-standard conditions
are computed as in Section B.1, Standard Conditions, using the non-
standard THETA, SIGMA, and DELTA, as appropriate.

ACCELERATION SEGMNT

With the exception of the iterative process described below, the
parameters for the acceleration segment under non-standard
conditions are computed as in Section B.1, Standard Conditions,
using the non-standard THETA, SIGMA, and DELTA, as appropriate.

Computation of the remaining parameters is performed using an
iterative procedure to arrive at the horizontal distance of the
segment, SC.. If the difference between S• and Sgc (the computed
horizontal distance for the current iteration) is greater than ten
ft, Sn is set equal to the arithmetic average of S and Sgc, and
the iterative process is repeated until a difference of ten ft or
less is achieved.

Initial Assumed
Horizontal Distance: S" - S. computed for standard

conditions

The equations for the acceleration segment under standard conditions are
used to supplement the following non-standard computations:

Start of Iterative Loop:

Tangent of the
Flight Angle: TANg- 0.95 (DelH/Su)
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Sine of the
Flight Angle: SIN.,- sin(arctan(TAN,,)]

Computed Horizontal
Distance: (mg) (0.95) (Vt2 - VtL2)

[N(Th.,q)I - R,- SIN."

Deviation of the
Computed Horizontal
Distance from the
Horizontal Distance
Assumed at the Start
of the Current
Iteration Cycle: DEV abs[(S, - S•]

At this point the status of the iterative process is checked. If DEV is
less than ten ft, then the iterative process is complete. Otherwise,

Horizontal

Distance: So" 0.53SSC + S•]

and the iterative process is repeated as above.

where E, F, G,, G2 , and H are engine-dependent coefficients from Data Base
Number 11 for the thrust mode defined in the standard takeoff
procedure; and

Raw is a coefficient from Data Base Number 11 which is the non-
dimensional ratio of the airplane's drag coefficient to lift
coefficient for a given flap setting and airplane configuration.
The landing gear is assumed to be retracted.

THRUST REDUCTION SERENT

The parameters for the thrust reduction segment under non-
standard conditions are computed as in Section B.1, Standard
Conditions, using the non-standard THETA, SIGMA, and DELTA, as
appropriate.

ERROR CHECKING

The non-standard portion of the profile generator maintains
several built-in error checks which guard against the
computation of improper takeoff profiles. Computation of
takeoff profiles is not performed if any of the following
conditions are detected:

(1) the computed flight angle for a climb segment is zero or
negative;

(2) the computed horizontal distance for an acceleration
segment is zero or negative;

(3) the number of iterations required to compute the
horizontal distance of an acceleration segment exceeds
five hundred; and
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(4) the length of the computed ground roll segment exceeds
the length of the runway by more than ten percent; if the
computed segment exceeds the runway length by less than
ten percent, the user is warned of the discrepancy as
discussed in Section 2.1.

ErCZEPTIZO

The exceptions noted in Section 2.1, Standard Conditions, also
apply for non-standard conditions.

B.3 Runway Requirzmnts/Operational Boundaries

Tables B-1 through B-9 present the length (ft) of the ground roll
segment computed by the profile generator for all INM airplanes and
stage weights. These tables are intended to give the user guidance
on the operational boundaries and runway requirements of the
profile generator for various airport temperatures, elevations, and
runway lengths. These data are presented for nine combinations of
airport elevation and temperature intended to cover the range of
average yearly conditions at airports across the United States.
Tables B-i through B-3 present these data for 0 ft Above Mean Sea
Level (MSL) elevation and three temperatures, 590F, 40OF and 80°F,
respectively. Tables B-4 through B-6 present these data for 3000
ft MSL elevation and three temperatures, 59 0 F, 40°F and 80 0 F,
respectively. Tables B-7 through B-9 present these data for 6000
ft MSL elevation and three temperatures, 59 0 F, 40°F and 80 0 F,
respectively. When the generator determines that a profile can not
be computed, as discussed in Section B.2, Error Checking, a zero is
inserted in the table, e.g., Table B-2, INM Airplane Number 71,
Stage Weight 3.
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TABLE --1: RWAAY UM•Zi MTJS/OPNRATXCUkL SOILbaDARS OF THE PROFILE GEiNRATOR,
TUEPMTURI 59SF , 3LUVATIOM 0 TT MSL

1 2 3 4 S 7

1 438 •4733 52233 542 7545 7756 ---

3 443 So"04 5400 6352 7630 9173 10579

3 3713 4057 4S0l 5067 4644 6871 ---

4 2616 3936 3340 37S2 4503 1309 6696

5 3046 41S7 4481 5257 6297 764S 5619

4153 4471 5439 6S51 so0 9413 ---

7 3963 4428 5176 6263 7767 &S47 ---

4 2721 3109 392S 4193 4671 ... --

5 3279 3739 4160 4913 9593 7196 8060

10 3799 3128 3656 4434 5486 6037 --

11 2694 3034 3405 4006 4436 -....

12 3000 3336 3879 4666 5754 t709 ---

13 3705 4054 4407 5400 6483 7130 8167

14 3237 3604 4204 45S6 $009 6660 7614

1i 2693 235 399 --- ---.......

14 3279 3739 4160 4913 5092 7186 #000

17 3705 4604 4407 5400 64M. 7?s0 0167

1I 6967 6947 SS IS" 5799 5799 ---

1i 3997 4369 4943 sail $8ll 798 --

30 3371 3650 39S4 4669 SS94 4S75 7795

21 4849 5071 5463 6352 7614 9052 104657

32 5053 S383 5900 6443 7410 i853 ---

23 4611 4697 5354 sa1i 6741 7747 6669

34 940 6863 7221 5641 .........

2s 4513 9004 5322 6146 ---....

34 5440 8050 6913 s0af 4716 --- ...

27 S979 9964 8020 0074 .........

26 4513 5004 5523 6146-.........

3a 5460 6050 8913 $0$s 9476-......

30 $263 6120 6965 7699 .........

31 2352 5646 46255 520 639 ....0 -

32 3414 3703 4015 4587 3623 6248 6411

33 3020 2274 3545 4062 476S 5576 S970

34 3067 3467 3524 4411 sl2a 6299 ---

35 3506 3981 6469 550......

36 5107 5681 4135 S041 .........

27 4221 64827 5609 --.. --- ...

34 3293 4032 ......... -

3 32184 3746 46123 ---........

40 3634 4416 S327

41 2124 2638 3133 --- --- --- --

42 3075 2210 3833 4615 --.......

43 3634 4416 S227 -.--........

44 2124 2638 3133 ---....

45 3075 3310 3893 4612 .........

46 3653 42146 4635 ---.........

47 3303 3698 40% 425 36-....

45 3837 4706 601 --- ---......

49 3H8S 415 4728 5991 -- ... ...

so 4002 4548 5131 44913

91 2446 2$46 3091 3513 4217 --. ---

52 2747 2960 321t 3692 4376 S123 ---

S3 226 ... --- ... .... -- ...

S4 236 .. -.- ... . .---...

SS 369 .... --- - ---... ---
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TABLE 2-1: RUMWAY RZQUIRD437NTS/OPERATIOKAL BOUIDARIES OF THE PROFILE GENERATOR,
TUZKPRATURB 59*F , ELEVATION 0 FT KSL (CONTIMUED)

~am 1~l 2 3 4 s 7

54 4136 ... --- ... -.. ... ...

57 3130 ............ ...

55 245 --.- ... --.. -- --.

so 3725 --- -.- --- ---...

61 494S --- --- ---......

62 255 .-- ---.

63 2697 3397 4556 - -- - --.- -- -

64 1754 ... --- .... .....

65 1211 ................

44 3540 4921 SIS3 - -- - -...- -.-

47 2638 --- --- ... ... ....

S2560 ... . ..... --- --- ...

25 135 ... ..............

70 3191 4201 31 ... --. --- --

71 1S30 1255 2234 --- ... --- ...

72 1752 2332 -.- ---........

73 2052 ... -.. ... .... -.- --

74 632 .- --.- .-- --- ...

7S 73S .......---........

76 154 ...... .... ......

77 699 --- --- .---...

75 1032 -.- - --... .. --.-..

75 4153 6477 ... .-- ..-....

so Us15 7065 --- ---..... ..

51 4505 6732 .......

l2 5120 7651 .... ---.......

53 3711 4193 4551 5313 6355 7861 9137

64 4004 4421 4756 550 6711 85012 2312

45 2657 4252 4730 5769 .........

of 3569 412S 4636 5657 .........

97 2753 2955 3237 1700 4251 50956 457

as 2942 3608 43f0 I ..........

19 1324 4085 4821 .... ---...

to 2117 3594 4670 -.-.........

91 11242 --- --- ---.......

92 9301 --- -.-- ---. --- -- -.

93 3244 3596 4111 4020 5445 ......

94 3004 3231 3676 4092 .... ....

o5 3062 --- --- ---.......

96 4190 ....--... --- -

57 3640 4331 SISI 5984 51. ---..

98 413 --- ... -.-- .... .

to 2427 --- --- --- .--- --

100 4513 5004 5522 6146 ... ....

101 5460 6050 6513 l0o0 9476 ......

102 396s 4257 461V 5445 6343 7459 5531

103 4202 4543 4895 5374 6749 75S0 5430

104 3000 ---..--- --- ---..

lOS 3000 ... ....--- ---....

10" 3000 .....--- .........

107 3000 --.... I -...........
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TAMAL 5-2: RUNWAY RUQUIR4EMNTS/OPERATIONAL BOUNDARIES OF THE PROFILE GENERATOR,
TEMPKRATURE 40*F , ELEVATION 0 FT MSL

STA= "51ma

nix a_________
1 3 ] 4 5 4 7

1 4328 4732 S223 1642 714S 7766 ---

2 4254 4403 4968 1843 7020 8443 9733

3 2422 3732 4141 4642 6112 4322 ---

4 2404 2492 2161 3451 4142 4084 6136

1 3518 3224 4122 4637 S791 6542 7184

a 4103 4971 5438 6551 4098 9433 --

7 3463 4429 5176 6263 7767 81547 ---

8 2721 3109 3123 4193 4671 ......

9 3017 3440 3827 4320 S112 6611 7434

10 2799 3128 3254 4424 5486 4037 ...

11 2470 2791 3133 3686 4081 --- --

12 2760 3070 3261 4293 1214 6172 .

13 2401 3721 4238 4968 5964 6404 7S14

14 2066 3389 3864 41S9 5110 6127 7001

15 2476 3068 3642 ...

16 3017 3440 3827 4%20 SS12 4G11 7434

17 3409 3729 4238 4148 5944 4604 7514

1t 6410 6410 7472 7472 9019 9015 ---

1t 3677 4038 4147 S371 2468 7230 ---

20 3101 3364 3638 4210 0901 4040 7175

21 429S 4666 S026 6444 7005 8301 4004

22 4844 49S2 S428 3928 7001 8172 ...

23 4242 4105 4016 5146 4202 7127 8154

24 SSG8 6863 7821 6641 .........

25 4152 4404 s0o0 1S54 ---.4..

26 5023 5144 6310 7450 871 --.- --

27 5100 4407 7384 6347 .........

26 41S2 4604 080 S1-44 ---....

24 5023 5566 4360 7450 6714 ... --

30 4442 5430 6408 7083 --- ....

21 3084 ISIS 3142 4789 1640 .....

32 3141 3407 3694 4320 4933 S767 4266

33 2778 3012 126S 3737 4384 S130 5492

34 2422 3189 3610 4018 4903 S79S ---

35 3226 3643 4120 SO .....5...

26 2928 3382 2711 4631 ... ....

37 3263 4440 $110 .- ... --- ...

38 3029 3712 --- --- ...- ---

29 2930 3446 4263 4243........

40 3343 4062 4809 .--......

41 1S54 2427 2883 ............

42 2429 304S 2561 4241 .........

43 3343 4042 4601 ---.........

44 19S4 2427 2662 ---.........

4S 2425 304S 3S51 4249 --- ... ...

46 3341 3851 4452 .---....

47 2038 2393 3769 4144 .........

44 I51 4332 1S3 -.. --. ---

49 3390 3822 4349 5512 .........

o0 361 41684 4720 5874 .........

S1 3434 2619 2843 3287 3679 -.. --

32 2326 2722 2961 339S 4024 4712 ---

13 2600 --- --.... ---

54 2364 --- ... --.

55 3394 -....-- ....

B-13



TABLE B-2: RUNWAY REQUIRUE4WrS/OPURATICMAL BOUNDARIES OF THE PROFILE GODERATOR,
T34PURATURE 40"F , ELEVATION 0 FT MSL (CmTINUED)

1 2 3 4 S 7

-- 413- ....... --.

57 3800 ---.... ... ... ......-

17 2ale --- -.-. --- --- ---

S9 3427 - -.- --- -- - --.

40 3734 ....--- ..... - .--

41 4110 . ... .... .

43 3014 --- --- ---------.

43 3431 3040 4141 ............

44 61 --- ---.-.-.-.......

i1 l093 --- --- ------....

64 3410 4443 5312 ---

67 2132 --- -.-.- .... . ..

44 2311 --- .... ---...

69 I1119 .................

70 2673 3704 4872 ......

71 1373 1474 0 --..........

72 1410 2104- ..........

73 Is 60 21 6 *--- ---. .- -- -

73 lo7 -.-- .. . --- ... ---

74 170 --- --- .......

75 437 --- .. . ..-.....

79 1431 ---....... ... ... ...

77 932 ---.-.-.-..........

70 sees•0 ......-... ........

79 3820 Soso --- ---........

s0 4744 4100 .--............

a1 4045 ?079 --- ---.......

52 4434 0 --- --- --- --- ---

03 3447 3614 4187 4556 1547 7232 4404

54 2717 4047 4374 S143 4174 7404 6S47

15 3314 3912 4312 5307 ... ....

60 3254 3791 4241 0204 .........

67 2033 2744 2976 3411 4002 4466 S020

so 2707 1330 4002 --- --- --- ...

10 3015 3715 443S --..........

90 1932 3163 4304 ---.........

91 10327 ....---....

92 0513 ....... --- -- ...

93 2904 3301 3752 4434 0194 ......

94 2744 301S 33162 379441........

s5 2117 ...--- ---

9i 3651 --- --- ..........

97 3349 Il0S 4745 Sis1 --01...

Sti0s --- --.-. .-........

it 2233 --- --- ---.......

100 4S13 S004 5522 4144 .........

101 S440 S050 4113 sell 9476 ......

102 3340 3439 3920 4615 5276 4221 7479

103 3S01 3764 4079 4012 s111 640S 7527

104 3000 --- --- .---......

101 3000 --- --- ---.... ...

104 2000 ---.-- --- --- ---

107 3000 ..................

B-14



TABLE B-3: RUNWAY REQUIRXENDTS/OPERATIONAL BOUNDARIES OF THE PROFILE GENERATOR,
TU4PERATURE 906F , ELEVATION 0 FT MSL

1 2 3 4 5 5 7

1 43se 4732 5223 $542 7545 7788 ---

2 305s 3458 s301 0541 0238 10034 11551

3 4054 4433 4510 5l37 7240 7500 ---

4 less 315 3S41 4100 4520 seal 7321

s 4202 4543 4058 5745 6081 0245 9484

6 4153 4871 5432 8551 s0ts 9433 ---

7 3083 4425 5174 $523 7787 0$47

0 3721 3100 3523 4153 4871 ......

9 35$3 4058 404S 5362 548 7852 8i30

10 2799 3120 35e5 4424 5484 6037

11 2933 Il1s 3M7. 4370 4847 ......

12 3278 3547 4230 5000 6820 7332 ...

13 4049 4430 S034 5001 7084 7846 8525

14 3los 4025 454 5415 5544 7277 8330

15 2043 3544 4326 -.--.......

18 3553 4054 4545 5385 8548 7552 8$)0

17 4049 4430 5034 5001 7004 7044 80)5

1i 7414 7514 9350 0350 10708 10705

1o 4350 4707 S401 5230 7445 $Si ---

20 3683 3les 4331 S037 8047 7185 8523

21 S102 5S42 5970 5542 5321 5070 11044

22 5521 s5al 8447 7041 5315 0707 ---

23 $039 SI35 s5a3 53S0 7356 s4ee 9832

24 $558 6583 7531 0041 .........

25 4932 5458 4034 8716 .--

28 5587 8412 7554 5555 10355 --- - -.

27 8533 7810 8773 $035 --15...

25 4932 5485 6034 8718 .........

25 5087 5512 7l54 5540 103S5 ---

30 57S1 5850 7611 8413 .........

31 3543 4203 4853 3885$960 .....0

32 3731 4047 4307 5012 5080 80S0 7443

33 3300 3S78 3878 4439 5207 8054 8524

34 3352 3785 4287 4520 3523 g003 ---

35 3532 4351 4809 6015 ---.---..

28 3418 4025 4326 5518 .........

37 4813 S274 6129 ---........

38 3l55 4400 ... . ---.......

3i 3400 4053 5040 --- .---.

40 3971 4525 S712 --- ---.....

41 2321 2883 3424 ---2---

42 3351 3617 4234 S047 .........

43 3971 452S S712 -...........

44 2321 2803 3424 ---....

45 3361 3817 4254 5047 ...1.....

48 3502 4574 5288 ..........

47 3509 4030 4475 4045 --- ....

40 42S5 S145 5121 -- - .-- ..--

49 4027 4540 5155 5547 ---..

50 4373 4970 5507 709S --- ....

51 24P1 3111 3377 3004 4500 --.-

S2 3002 3235 3519 4035 4703 5500 --

53 3000 --- --- --- ---

S4 2 08 .... . ..... -- - -

is 4031 --- --- ------.
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TA"LE B-3: RUNWAY REQUIRUEKNTS/OPERATIOMAL BOOUNDARIES OF THE PROFILE GENERATOR,

TKENPERATURE G0OF , ELEVATION 0 FT MSL (CONTINUED)

am~ 0 s
1 2 3 4 5 6

56 4136 .... ...... - -

57 3421 --- ......-.......

5 3823 --- --- .... - -.-- --

59 4071 ---.. ..... .... ...

g0 324 --- --- .-- --- --.-

£1 5404 --- ... ... --- .... --

62 4260 --- .... ......- --

£3 3004 3787 5111 ... ........

£4 1941 ..... --.- --- ..-

£5 135 --- --- ------.....

6 43030 5455 £558 -.- --- ... -.-

£7 2941 --- --- --- --.-

so 2853 -- -- --- --- --- -.

!0 13061 .. --- ---..--...

70 354£ 4653 6014 - -- .......

71 1654 2068 0 ---.........

73 1957 2505 --- ---........

73 2321 ..- --- -----

74 704 --.- --- --- ---. .- - -

75 £23 ...--- ---........

70 1760 .........--.........-

77 780 .................

?a 61105 ....5. --- -.... --4 55

79 4538 7077 ---..........--...

so S637 7720 ....... --

01 5022 7004 ---.... .........-

02 S707 a930 ---............

m3 *119 4582 4973 53008 945 0s0 9924

84 4463 4031 5197 6109 7334 5799 10302

05 299£ 4646 5169 6304 .........

8£ 3501 4505 $0l 182 506. £1-2

57 3009 3262 3537 4052 47%4 556 $953

as 3215 3943 47S4 ---..........-

60 3633 4464 528s ............

t0 3453 4255 5112 --- ---.....

at 12306 ---.-.-.-..........

92 10271 .................

93 3544 39529 4493 S367 £165 ---

94 3263 3640 4017 4472 ---

05 3346 ..................-

ad 4579 ..................-

97 3978 4733 5637 6539 .......

as 4320 ---.-.-.............-

at 2G 2 ---- ... - -..... ... .

100 4513 S004 5522 6146 .........

101 5460 6050 6913 a0ct 9476 ......

102 4777 5163 5564 £563 7651 9004 1061

103 51 5 5613 6055 7156 8358 Soso 11705

104 3000 ..................-

30s 3000 ---.-.-.--.---.---...

log 3000 ---.-.-.-.-.-......

107 3000 ...............

B-16



TAULN 3-4: RWUIAY R0URXNW(DTS/OPURATIOUAL SOUNDARAS OF THS PROFILZ Gfl(RATOR,

TZWIP3RT1RS 59*F , KZJU-ATIOM 3000 FT MSL

z 0zr

1 2 3 4 5 7

2 4156 4732 5323 S842 7545 7768 ---

2 57S0 6322 6714 7695 9462 1136• 13139

1 4627 5046 5996 6301 6257 6540 ---

4 32S5 3641 4011 4667 "SO0 ido1 6327

5 6491 50ot 5464 6409 7673 9191 10549

4 4193 4671 5418 e5s5 60e6 9433 ---

7 3943 4429 51716 6263 7767 6S47 ---

6 2721 3109 3523 4193 4,71 ...---

9 4028 4593 sto0 £023 7355 se18 9913

10 2799 3126 3456 4424 5466 6037 --

1I 3332 3761 4221 4os 547 5--7...

1.3 3648 4281 4676 5ses 7362 6607 --

13 4746 s1i5 5904 sa21 6308 9202 10467

14 4136 4537 5177 S101 7371 81@5 9367

is 3403 4213 0 ---.........

16 4026 4593 B109 6032 7355 sal1 9913

17 4746 51ls Sl04 6921 8308 9203 16B47

26 $684 $664 10a1 10461 13206 12206 ---

19 s1i0 5666 6361 7537 6797 t0160 ---

20 4130 4479 4644 564S 6775 6047 9543

21 6001 ca1l 7022 Bids t7i8 1411 13700

22 6265 6674 7315 7967 9429 11004 ---

23 5744 6100 6655 7236 6393 9641 t16ls

24 See6 6852 7521 4541 ---......

2S 5823 6457 7125 7930 .........

26 6755 7485 pas1 10015 117106......

27 7664 6929 10294 11634 ... ....

2a 5623 6457 713S 7930 .........

26 6755 7465 6se1 10015 11718 ......

30 5231 7582 8629 9537 .........

21 4324 4961 5528 6716 s316 ---

32 4196 4550 4933 5634 sees 769% 6360

33 326 3909 4236 4646 Bas4 6649 7117

14 260S 4072 4607 5177 6249 7383 *--

35 4159 4721 5320 6520 .........

36 3926 4534 5092 6206 .........

37 S421 6207 7212 ...........

36 4061 S0 --- --- .... ... ---

39 3945 4663 5741 ---.........

40 4651 5651 6690 .......

41 2712 3366 4001 ---.........

42 3957 4259 5009 5943 .........

43 4d51 9651 6660 --- ... -- - ....

44 2712 3368 4001 ............

45 3957 42S9 5009 5943 .........

46 4674 Sas 6191 ---.........

47 4094 4571 5076 560s .........

46 479S 5792 4689 --. ... --- ...

49 4549 5128 5634 7391 .........

so 5029 5715 6447 61S7 .... ---.

51 3259 3506 3606 4t99 5191 ......

52 3287 3541 3I51 4414 5229 6119

53 3377 .-- ... --..-- -.--

54 3221 ---..... --

Ss 4770 +... --- --- ---..
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TABLI B-4: RWAiAY RN IIDIZTS/OPZRATIONAL BOINDARIES OF THE PROFILE OGIilUATOR,
TWPRATURI• sF o ELEVATION 3000 FT HSL (CONTINUED)

2 Z 3 4 s 6

4 41236 --- -............

27 3447 ... --- --- --- -

54 4340 -- --- - -- - -- -- - -..-

55 4790 --.-....... --- --

is 3S" --- --- --.

61 5444 --- -- -- *- -- -.- -

62 4746 --- -- --- --- ---

43 3341 410 545 -.-.- --- --- --

44 31S4 ---...- --- ---

S1444 --- - - .---.......

4 ,47 SS1 7115- .---.......

97. 31,l ---.......-... .....

Ia 3095 --- --- ---.......

44 1t499 -- --.- -- -......

70 3847 5041 --3- ---.......

71 1934 224S 0--- ---......

72 2167 2330 --.- --- --- -- --.

73 2514 ... ... ...... --- -

74 764 ....... . .......

75 $93 ...........

76 141 --- --- ........ --

77 446 -.-.- ---... . .....

74 13454 ...... ---.......

74 5044 7944 -.- -.-........

s0 328 8 3 --- ---...........

a% 5444 9141 --- --... ... -

43 6143 92S3 ...........

43 4437 5140 S554 453S 7415 9663 11224

44 5043 5454 5473 4400 fall 4433 11457

as 4303 S33 5423 709 ...... ...

84 4333 4140 5444 fast .........

47 3404 375S 4071 4444 S471 4408 Saf1

ll 3717 0 0 ---.....

54 3944 4044 T715 ............

40 4004 484 4s ............

91 13120 ...... ....... ---

93 1144S --- --............

93 4025 4444 Sl10 S44 70015......

as 3400 4314 44S0 S176 ---

4S 3440 ... --- ---.......

97 4 8 SS92 GGS- 772S ...--- ---.

49 3013 --- --- --- ---

100 4S13 3004 5532 4144 .........

101 S o440 6050 913 l094 4476 ......

102 4464 567 S743 4416 7434 433S 11051

103 5183 S603 4041 7131 431 9•744 1is

104 3000 ... --- -- -......

IDS 3000 ......-...... ..

10" 3000 --- --- ---....

107 3000 ---.. .. ....
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TABL B- B: RUNWAY RIWIRDIUITS/OPKRATIONAL BOUNDAAIES OF THE PROFILE GEWURATOR.
TD(PATURE 401F , LEVATION 3000 FT MSL

3 3 4 S 7

£ 4398 4722 5322 5843 7S45 7709 -9-

3 5290 5724 4176 7363 9723 10464 12086

3 4254 4442 M1e0 S79 7597 7SS7 ---

4 sots 3350 3709 4293 $152 6073 7461

5 431S 4644 9027 599 70S9 6446 9723

4 4193 4471 9438 4S51 6098 943 -*-

7 3943 4429 S17M 4243 7747 6547 ---

a 3721 3109 3523 4193 4671 ......

9 3704 4224 4700 S590 4747 6112 9130

14 2799 3126 3454 4424 546 4037 -.-.

11 301 2 3440 2664 494i 90S7 ..0..7

12 3S40 3939 4579 9904 4791 7918 -

13 4364 4780 S432 6367 7443 8444 9620

14 3609 4174 4743 9413 6741 7539 £917

1s 3130 3975 0 ---.........

14 3704 4234 4700 M390 4747 4112 9120

17 4349 4760 S432 4367 743 94464 930

16 7989 7999 SS0G Se0e 11231 11221 ...

19 4747 5213 S470 6934 8069 9347 ...

20 3799 4121 44S6 $192 4233 7401 6779

21 5521 5997 6440 7913 g005 10462 12904

22 5764 4140 4729 7346 8675 10124 ...

23 5284 5411 4122 4657 7721 8871 10154

24 5944 4693 7621 6841 .........

25 5357 9940 4554 729S .........

24 4225 fags 7647 9214 10760 -- -.--

27 7053 6215 9470 10703 --- --- -

28 SS7 5940 SS94 729S . ... ...

29 4223 4884 7897 9214 10760 .....

30 sots 6474 7939 8774 ..... ...

31 3979 4544 5 4179 740 .....

32 3log 4164 4530 $163 4056 7079 7451

33 3317 3594 3097 4460 5229 4117 6547

34 3315 3746 4230 4743 S749 9792 -72

35 3264 4343 4689 3501 ........

34 3407 4149 4678 5701 ---....

37 4994 5710 44S3 ............

32 2754 4400 --- ....... --- ---

39 3644 4250 9392 ............

40 4275 5199 S159 ............

41 2495 3099 348, ............

42 3440 3918 4409 .447 .........

43 4279 5199 1SS. --- --- -- -

44 2495 3099 3461 .---.......

49 3440 3918 4405 1447 .........

44 4300 4927 94 --- -.-.. ....

47 3744 4204 4678 1-40 ... ....

45 4411 5329 4337 .- ..... ---

49 4184 4717 5337 799 --- .....

s0 4424 5257 5931 750S --- ---

S1 25995 325 3S02 4047 4775 -- ...

52 3023 3237 3542 4060 4805 5428 ---

S3 3107 ---....

54 2019 --.-....

SS 4363 ......
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TANLA 5-S: RWnWAY UQRMMI /OP33ATIOKAL BOUIDARIES OF THE PROFILE GENZUATOR,
TN4PIRATUR 40@F , ELEVATION 3000 FT NSL (COWIJnIUK)

S II i I"

1 2 •4 S 7

5 4138 ...4---...........

57 l3a5 . .... ...........

So 3901 ... --- .-. ..... ---

so 4407 .-- - -..... --. ---

so 31 1 --- ---.-.-... .....

GIL 5514 *--- --- -

2 4414 --- --- -- ..... -.

83 3945 3710 S007 --- --- ---

64 1903 .... .. ---.......

£5 1322 -- ..... . .......

44 4214 5373 4424 .--.........

£7 2551 -- -- - ... .....-.

£5 2795 ---................

!9 1 5s ---................

70 3474 4555 5592 ---........

7 1 1 £ 0 0 2 0 2 7 0 . . .. . .. . .. . .

"72 1957 2544 .... --........

73 3274 --. ..... --- --...

74 £50 --- --- --- ... ---

75 a04 ... --- ... --- ---

7£ 1730 .... --- .........

77 744 ..................

75 12377 .- -- .....

79 4454 7305 .... ---....

g0 5522 7972 --- --- .... --- --

51 4920 7351 --. ---........

52 5590 1 354 ... ---.......

53 4246 4747 5151 £012 7159 most 10329

54 4439 5022 5402 £345 7418 9137 10540

45 4143 4816 5357 6531 ---......

84 less 4499 5054 6142 .........

87 3215 34S5 3745 4290 S033 5l9s 6212

as 3430 4193 0 ... ....

It 2)33 4441 5251 ---.........

90 3257 4505 5411 ............

H1 12ss --- --- -- .... ...

92 10529 --- ... .--- -- ...

93 3704 4104 4497 550 644s ......5

94 349% 3877 4270 4742 ---....

95 3347 --- --- ---.......

9£ 4544 --- --- .......

97 4322 5143 6126 7107 .-.-. --.

95 4541 --- ---........

99 2480 .---..............

t00 4S13 5004 5S22 514£ .......

101 5440 £050 4913 S0at 947£ ---

102 4324 4S43 4915 5790 6742 7923 9374

103 4323 4451 S047 S953 6939 5144 9675

104 3000 --- --- -. ......

los 3000 --- --- ---....

104 3000 --- ....- .... --

107 3000 --- ---.-- I. -.- ---
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T2AIJ B-6: RWNaY RNQUIRZEINS/OPERATIONAL BOUMDAXRXS OF THE PR.OTIL GEIRRATOR,
T0EPIATURE 809F , *LXVATZON 3000 FT NSL

1 S 6

1 4361 4732 5223 9842 7545 7700

3483 6799 7336 $423 10342 12493 14358

3 5054 5514 6117 60M5 9023 9332 ...

4 3557 3979 4405 M100 6120 72Z3 9099

I 5126 9540 5971 7003 4345 10044 1LS49

6 4193 4471 5438 f5a1 l090 9433

7 3263 4427 5174 $243 7767 5547

a 2721 3109 3523 4193 4471 ......

, 4402 5020 553 592 W?07 9i3 1033

t0 2799 3128 H4a4 4424 5486 6037 -

it 3437 4110 4613 9424 4007 .---

12 4205 4678 5438 6541 8444 940S ---

33 5109 577 4452 7S53 9079 10056 11438

14 4519 4955 S855 4s47 055 8955 10336

1a 3718 0 0 ............

14 4402 5020 S52 4593 85037 9424 10033

17 5159 5477 4452 7S53 9079 105s8 11436

is 94,9 9489 116S0 11450 13340 123340 ---

19 5438 4192 4973 5237 9413 11102 ---

20 4s53 4595 5293 6164 7403 8794 10420

21 4555 7123 7473 5934 10649 12)4S 14971

22 4844 7293 7993 8728 0204 12035 ...

23 4277 4lo5 7272 7908 9017 20537 12542

24 s945o Sas 7822 6541 .........

S 42363 7054 7785 $644 .....

3d 7382 8175 9344 10944 1250' ....

27 5371 975 11249 12713 ---...

25 4343 7059 7785 044 --- .-- --.

29 7352 1279 9344 10944 12505 ......

30 7126 4254 9429 10422 .-. --.-

31 472S S422 4041 7239 lo-0 ......

32 4585 4973 5390 4157 71% 0409 9123

13 3940 4273 4839 5297 4211 7265 7777

34 3939 4450 5034 5657 6089 5406 -5-

35 4545 s159 5814 7125 .........

34 4297 4942 5573 4792 .........

37 5931 4782 751 ...........

35 4460 5444 ... ... .......

39 4333 5094 6274 ............

40 5052 4176 7322 ---.........

41 2964 36481 4372 ............

42 4324 4654 5473 6404 ......4..

43 S082 6176 7311 --- --.- -- ---

44 2964 l4a1 4372 ............

45 4324 4654 5473 4494 .........

44 s508 $552 6766 ............

47 4473 4995 SS47 4129 .........

4a 5240 6330 7528 ... --- ---

49 4970 5603 4375 5076 .... ....

s0 5455 6245 7045 8914 --- --- --

51 3541 3531 4159 4807 5472 .-- ---

52 3593 3871 4210 4825 5714 4689 ...

53 3490 --- --.... ---....

o4 3584 ........ --- --- .
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TA=LI B-6: RU~IAY RZWQURNIIS/OPIUATIOUAL SOLVDARI3S OF THS PRiOFZ" GfIUATOR,
TIDIPEATURE 606F , IVATICI 3000 IT MSL (COCTZiNUD)

emm

1 3 7 4 5 5 7

... 413- .... ...... -.-

65.--- ... ... ... -...

-- 4.- -- .... -- --.- --.

iS 34 ... -- -.-- ... ...

60 377- ...-----.-- ---

41 ass5 --- -.-. --.- - --- ---

62 54 --- ... -- - -..- --.

63 3625 4580 6181 --- -- ..---

64 23 4 --- ---............

65 Isl --- --- --.- --- -- - --.

66 5203 6433 7530 --- --- ... ---

67 3556 ... ... .. ---....

go 3450 ...---............

65 1670 -- --- --- .... --.- -.

70 4255 $663 7373 --. ..... --

71 3644 3503 0 --- ---.....

73 2415 3143 --. .---......

73 2507 --- ... --- ... -.-- --

74 o8i ... ... .... -- ... ---

75 955 ...5... --- --- --

76 2136 --.- -... .... --

77 94 -- ...... ---. ...

76 14702 --- ---.......

79 5546 6g11 .... ------

80 6515 9455 ... ... --- ... --.

01 64?) 1074 YU ... ... ....

82 6902 10313 --- ............

8) 5067 5635 f118 7143 8840 1055O &2269

54 5511 5045 6417 7540 9049 10853 12I5s

as 4921 5721 6363 776 --- -- ...

56 4625 5344 $003 7320 ... --- ...

07 3705 4103 4445 1056 5079 7003 7457

so 40423 0 0 .... -.--...

as 4315 S295 6245 --. --- ...

90 4380 5311 6427 .... --- ---

a1 1S127 ... . ..-... ....

2 1206 ...*.......- --- ---

93 4402 4#S0 5579 6540 7655 ... ---

94 4153 4605 5051 56..

a5 3955 --- --- --.....

96 57S --- --- .......

57 5134 6105 7275 5442 ... .-- ---

9o 536 --- -.. -.-- .... ---

i9 3183 --- ... .-.........

100 4513 5044 5))2 6144 ...6...

101 5460 e050 6911 60as 5476 --- --.

102 S870 64S1 6952 8200 95S7 11245 13320

103 6372 6592 7433 8752 10254 12089 14351

104 3000 --- --- ---.......

10 3000 -.................

103 1000 ..... . .... .....

107 3000 ..... .. ....
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TASLE 5-7: kCMNAY RUQUIRNDMUTS/OPERATICHAL BOUNDARIzS OF THE PROFILE GENERATOR,
TDIPERATURN S90F , EEVATION 6000 PT MSL

1 4156 4733 5323 5642 7545 7718 ---

2 7231 7423 6441 992S 11917 14316 14107

3 ga1i 6346 7036 7622 10360 1073S ---

446 46651 5072 5270 7043 8300 10467

5 $763 3227 4711 7670 9416 11279 12966

6 4163 4671 5438 6351 6066 9433 .--

7 3943 4429 5176 6233 7767 5547 -..

6 2721 3109 3623 4163 4671 -.....

S46949 542 6274 7406 9027 101IS 12160

10 2799 3126 3656 4424 5486 6037 ...

11 41 42 460 5252 6176 6137 .....7

12 4941 SS20 6416 7717 9516 110t 6 ---

13 6117 4462 7605 6i1s 10702 11654 13464

14 I126 1625 6416 7541 6132 10151 11600

1s 0 0 0 - --- ---...

1i 4,46 5642 6374 7406 9027 10616 12160

17 4117 0662 7605 8915 10702 11654 13464

11 10666 1018 123362 13362 152n6 1526 6--

1t 6464 7351 6279 6760 11415 131IS

20 s0es 5525 5674 Sul 63532 561 117S5

21 7751 S422 6072 10ss0 12646 21002 17702

32 7607 4316 6112 5646 11741 1366 *---

23 7116 7634 832S 60S4 10499 13061 13603

24 5665 4663 7621 8641 .........

25 7403 4266 6156 10191 ... ....

26 4726 0671 11046 12542 15142

27 6652 11562 13365 15106 .........

26 7483 6296 J315 10191 .........

26 8726 1671 11049 12942 15142 ......

30 2423 6795 11146 12320 --- ---

321 50S 6432 7167 6701 10656 -.- - --

32 S191 5626 6101 6967 6140 Me10 10331

32 4347 4712 5105 5640 684S 6004 6566

34 4326 4686 5523 6211 7463 6646 --

3S 4655 $656 6372 7804 ---....

36 4666 5620 6311 76686.........

37 7016 6023 6323 --.......

is s066 623S --- --- - ... --

36 4s•4 5640 7111 ............

40 S563 7270 1607 ---.........

41 3461 4323 SlS . ... . . . ...

42 S121 5512 6463 7662 .........

43 5663 7270 8607 ---........

44 3481 4323 6135 --- --- ---

4S 5121 5512 6483 7662 .........

46 6011 6557 7962 ............

47 5266 S505 6537 724S .... ....

48 5939 7173 5296 --- --- ---

46 Siso 4366 7245 6176 --- ... .

s0 93S4 7220 6145 10305 .........

S1 4040 4346 4715 5451 6431 ......

52 3970 4276 4649 5327 6306 7178 ---

53 4103 ... -- --- --- --- -.--

S4 4172 ....--- ------.. ..

5S 6104 --.--- --- .... --
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TALE, 3-7: RUNWAY QuIWRW4DITS/OP=RATIO1.L SOMMDAJZIS OF THE PROFILE GfNZIJATOR,
TUPERATURI 594F EEPIVATION 6000 rT iSL (COiTINM)

STEM 1muY

1 3 4 5 6 7

57 4126 -- -- -- - - ---
s7 43.. ..... ..... -

S 4519 -- - -. - -. ... ... ...

as 160 --- -- .... ....

61 7322 .... . .. ......

6 2 6 0 54 . . .. - - - - - .- - -.

S 2390 .... 6733 --- ... ....

4 212 --- --- --- ..... --- -

6S 1771 .... . . .....-...

45 6467 723S 0639 --- -- --.- -

67 2174 -.--- --- -......

I 27$9 --- ---..... ....

65 1120 ---.-- --.........

70 4673 6165 7523 ...........

71 2232 2726 0 --- .... --- --

73 2631 3434 ---...

73 3057 --- .-- --.......

74 528 ... ..... .... ---

7i 1054 ....--- --- ---.

76 2327 --- .... -.-- -. ...

77 1027 --. ... ... --- ... ---

71 1727 --- ... . ..-.....

75 6260 9762 ... ... ... ...

s0 7779 10645 .... ........ -

A1 &62 p"As ......--.......

12 7515 11236 -.-- ...... ...

23 S764 6351 6934 5092 5673 1195 1355

04 6267 6763 725 4571 10282 12323 14215

as 5552 6405 7215 8754 .........

I6 5073 5656 6575 A0si ... ... ---

17 4151 4749 S141 1557 6515 5101 5674

as 0 0 0 --- ... ...

so 4756 S1ls 724 --. --- -- .....

to soft give0 7434 ..... ... ...

$1 17102 ... . ..... - -.

92 14072 --- ---....

23 S034 s5l0 6375 747S 7153

84 4633 5359 5123 6152 ... ... ...

S 4644 .... --- ------....

65 --- --- ..... ........

97 s01s 7253 5625 10033 - ...

S6322 --- --- ---.........

to 352 --- --- ---........

100 4513 5004 S522 6146 -. --- --

101 S460 6050 6513 l0ot 9476 ......

102 6251 M7e5 7251 IS91 9594 11750 13906

103 6432 651 74B55 5545 1031 12149 14402

104 3000 --- --- ---.......

lOS 3000 .....--- --- --.-.

106 2000 --- ---

107 3000 ..--- I --- I ..- , -
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TABLE B-8: RUNWAY RQUOIRDIRITS/OPERATIONAL BOUNDARIES OF THE PROFILE GENERATOR,
TEMPERATURE 40OF , ELEVATION 6000 FT NSL

1 2 3 4 S 7

1 43S1 47332 323 $642 7141 7786 -.-

a 6463 7197 7766 9131 10944 13173 I1116

3 Slag $936 6476 7268 9S49 9476 --

4 3769 4211 4664 5400 6479 71634 I0

5 a302 S729 6174 7a40 eggs L0376 11926

6 6193 4671 4143 61S1 g09s 9433 -

7 39463 429 $176 6363 7747 0147 --

l i721 ai5, a33 4293 4671 -.- --

9 4953 1190 S772 61L3 3104 99S2 11187

10 2799 3129 also 4424 1446 6037 ...

11 3911 430S 432 5642 6290 -..

13 4544 S790 S902 7100 6716 10210

13 6217 6157 6997 1303 9506 10906 1240S

14 4719 S175 So04 6956 9401 9336 10671

19 0 0 ..... ....

1I 4513 Si10 S772 6613 6304 9942 11167

17 S427 6157 6997 8202 9946 19046 12460

is 10014 10014 12293 12293 14074 14074 ---

t9 als 6763 7616 8997 1001 1329 --1

20 4667 6063 S496 6404 7694 6124 16017

31 7132 7748 6436 9706 11634 11661 1s2ag

22 71S2 76S0 6363 9112 10e01 12602 ---

33 4416 7023 7661 8330 9659 11016 13698

24 5166 6663 7821 8641 ---....

2S 6661 7634 6423 9376 ...

36 9030 lo96 10las 11966 13920 ......

27 1155 0a6e 12399 134--.........

238 66S 7634 9423 9376-.........

29 6030 666 1016S i1906 13930 ......

30 7749 9011 10254 1134 --- ... ...

31 5157 5927 6594 6011 9503 ......

32 4775 5176 1413 6409 7489 8749 9S04

32 3999 4331 4697 5373 6297 7364 766&

34 3962 4497 s06e 5714 6694 0140 --

3S 4066 S203 1862 7179 --- .-- ...

36 4473 3263 3796 7064 ... ....

37 64SS 7381 6S77 ............

36 4642 5736 ...... --- .---

39 46s9 S373 4613 ---........

40 1104 6689 7918 .......

41 3202 3677 4724 .... .......

42 4712 S071 S964 7077 .... ....

43 SS04 6689 7918 ---........

44 3202 3977 4724 -- .... ....

41 4712 1071 S944 7077 .........

46 S530 6336 732S -...........

47 4864 S432 6032 Goes .....5...

46 S464 6599 7846 -.- .... ...

49 5 199 593 6661 8442 ... ... --.

s0 5641 6643 7463 9480 --- --- ...

S1 3717 3998 4340 SOIS 1917 ......

S2 3691 3933 4276 4900 5602 6766 ---

S3 377S --- ---.. ---.....

54 3638 --. --- --- --- ..

SS 5616 - I --- I --- I - ... -.

B-25



TABLE B-8: RUNWAY REQUIRS4ENTS/OPERATIO(AL BOUNDARIES OF THE PROFILE GENERATOR,

TDEPERATURB 40O*F ELEVATION 6000 FT KSL (CONTINUED)

1 2 3 4 S 6 7

56 413 ... ... --- --- ...

S7 4047 ... .... .- -- ---.

50 4766 ..-.-- .... --.

so 5497 ... -- ... ... --.

60 1--4 ....--- ---. ---

S6736 ....... - --- -.- ....

62 S56 --.- ....... ......

63 3576 4S0s 6060 ... --. ... --.

64 344 ... ... ... ... ...

45 110- ... ... ...

66 S111 6524 7100 ... ... --. ...

67 34H ... -. ... ....

01 3304 ... ........ --.

to 1643 --- ... ..... ---

70 4211 SS71 7154 --.........

71 3215 2401 0 .... .....

72 2376 302 --- ... . ..... ..-

73 2761 --...- ---.

74 630 --- -- .... --- --- ...

75 979 --- --- --- ... ... ---

76 3101 ..--- ... -.- ---.

77 927 --- ... .... -- --.

78 15893 ... ....... ......

79 5755 6Ml1 ... --- --- ... ---

s0 7151 75% ... ----

l1 5674 g t --- --- --- --- ...

12 6711 10144 --- --- --- ...

63 215 56179 6379 7444 6l95 10500 12777

64 5766 6240 6712 788S 9460 11342 13016

6S H135 5969 6626 665000 ...

as 4667 5385 6052 7374 .......

67 4030 4306 4736 5425 6364 7453 7960

as 0 0 0 --- ... --- ...

at 4360 5)45 *305 .---....-- -

90 4662 il5s 6640 ... --- --- ---

*1 15711 --- ---.... ---...

92 1246 --- ---.......-- --

93 4631 S523 S566 4677 OS2 ...

54 4446 4510 5440 G0ss .........

5S 4092 --- .--- -- ... ...

96 6126 --- -------

97 S607 6673 7946 5221 .... -- ---

go 5617 --- ---...........

99 3243 --- --- --- ---...

100 451a S004 5522 6146 --- ---

101 5460 6050 613 8096 0476 -.- ...

102 S327 1754 a1ls 7o01 8459 5566 1115

103 539 S630 6263 7410 6636 10160 12035

t04 3000 ............ ... ...

lOS 3000 --- ---....

104 3000 ---............

3.07 3000 ---........ ..
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TABLU B-9: RUNWAY REQUIRE4 NTS/Oi-.ATIOKAL BOUNDARIES OF THE PROFILE GENERATOR,
TV4PERATURE 80*F , ELEVATION 6000 FT MSL

ST~fl .51Gm
ime

1 a 3 4 1 
7

1 4355 4712 5223 5842 7S4S 7786 ---

2 7902 8549 6224 10546 11023 15647 18038

3 6358 695S 7092 0657 11342 11730 ...

4 4474 504 S542 4415 7696 9070 11431

S $297 MS09 7334 4600 10293 12325 14168

5 4193 4671 5436 6551 809i 9433 ---

7 3963 4429517S 4263 7767 6547 -.-

* 2721 1109 3523 4193 4471 ......

9 5408 4165 684S 8093 9864 11822 13281

10 2799 3128 3656 4424 5486 6037 ---

11 4526 9114 5739 6749 7471 ---

12 5421 6032 7011 6433 10401 12127 ---

13 6684 7313 f311 9742 1169S 12954 14732

14 5604 4147 7013 8262 9979 11092 12476

15 0 0 0 -.- ... ---

16 5408 6169 6456 8003 9864 11822 13228

17 6684 7313 8311 9742 11695 12954 14735

16 1129S 11695 14601 14601 0 0 --

19 7315 8032 9047 10g87 12474 14408

20 5567 603 45259 7607 9127 10838 12849

21 8472 9203 9913 11529 13818 16193 19344

22 8531 9087 9957 10571 12830 14969 --

23 7656 8342 9100 9894 11473 13179 15083

24 5966 6663 7621 8841 .........

25 8176 9048 10005 11137 -.-- --

26 9529 20569 12074 14142 16547 ---

27 10875 12666 14604 16506 .........

28 5178 906t 10005 11137 ...

29 9539 10569 12074 14142 16547 ---

20 9204 10703 12180 13463 .........

I1 6125 7029 7632 9516 11644 ......

32 9672 6251 6667 76123 895 10392 11289

23 4750 5149 5579 6382 7480 8747 9261

34 4730 5342 6042 6787 &161 9669

35 5447 l180 6962 529 .........

36 5127 6151 6907 8415 -.- ....

37 7667 8767 10158 ---........

38 5562 682 - -- ... --- ...

39 5427 6352 7655 --- --. --- -

40 538 7945 9405 --- ------..

41 W04 4724 S611 --- --- -.--

42 556 6024 7064 6406 -- - -- ...

43 M536 7945 9405 -.--.......

44 3504 4724 5611 ---.........

45 5596 6024 7084 8406-.........

46 6569 7S26 8701 .......

47 5778 6452 7165 7917 --- -.- ...

45 6490 7336 9220 ---.........

49 6174 6959 7917 10027 --- --. ---

50 6943 7690 4901 11261 .........

81 441S 4749 5156 5957 7028

S2 4339 4674 5082 5623 6695 6065 ---

53 4484 -. ---............

54 4059 ---... . ...........

SS 6670 ............
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TAILK B-9: RUNMAY RZQUZRZMMTS/OPZ1RATIONAL BOUNDARIES OF THE PROFILE GODIRATOR,
TUNPERATURI 809F , ELEVATION 6000 FT HSL (COWTINUD)

1 2 3 4 S 7

57 4136 ---. --- --.- ....

07 4400 ...... . ....

04 0~~461-*------

5 676 ----- ... -.... .. --- -

o 4555- ... -... ....

61 coal --- --- ..-- -

62 $615 --- --- - - --- -- -

43 4414 S241 ?So . --- .--- --.-

64 28ss ... --- -- --. --

45 1002 ...... ------..

06 6317 6054 92 --- -- --- --.

67 4318 .... ---..... ..

68 4100 .... --...........

69 202 --- ---.--..--.....

70 $207 6171 Ml .... ---...

71 3407 30o0 0 ............

72 2933 3017 --- .---.......

73 240. -- --- --- --- -..

74 1034 --. .... ---.. . .....

75 1208 --- ..--- ---. ...

76 2513 --- ....... .....

77 114S --- .... .......

71 1087 --- --- ..... .....

70 6840 10440 ---. .. . ....

00 0500 11634 --- .. . .-...

I1 7374 ll018 --- --- .........

02 0351 0 --- ---........

I3 6277 6903 7577 0042 10570 13065 15177

84 6844 7412 7973 93*6 11237 13473 10537

aS 6lOO 7090 7884 04609 -- ......

of S544 6401 7180 0750 - -- --..

87 4707 Sio 5626 6444 759 005s 0470

as 0 a 0 ..... --....

$0 S170 63S4 7489 ............

90 S3l 6764 0124 --- -.--....

91 18717 --- ---........

92 15377 ..- .-............

93 5501 6097 6970 8169 9056 ---

04 5201 Sass 6402 7193 .........

05 4860 --- --- ---.......

96 7277 --- --- --- --- - --

97 6660 7926 9440 1090S3 ........

go 6000 --- --- ---.......

00 3055 ....-- --- ... ---

100 4S13 S004 SS22 6146 .......

101 5460 6050 6913 l000 0476 ......

102 7503 0107 0737 10302 12006 14124 16729

Lo0 787S 6519 9187 10051 1266S 14926 17713

104 3000 .... --- -- ......

lO1 3000 --- --.- -- .... -

l0o 2000 ................

107 3000 --- ---....
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APPENDIX C

AIRPLANE RUNUP OPERATIONS

This Appendix discusses the adaptation of an existing INM
equation for use in computing runup noise within INM Version
4.11. This equation, also used in the Time-Above-Threshold (TA)
equation, can be used to approximate the maximum A-weighted
sound level (L..) and the maximum tone-corrected perceived noise
level (PNLTmx) for a one-second time period as follows:

Lm= - SEL - 10logoC[((500w)/(V)) (.001Ro)(k)] and (1)

PNLT1 xx = EPNL - 10log,0 [((500w))/(V)) (.001R0 )(k) ] + 10, (2)

where SEL = the Sound Exposure Level from the
Noise-Power-Distance data base
(dBA);

EPNL = the Effective Perceived Noise
Level from the Noise-Power-
Distance data base (dB);

V = the airplane velocity (ft/sec);

R = the closest point of approach
from airplane to receiver (ft);

k = a constant exponent with a fixed
value of 0.6 in the INM; and for
Equation (2),

10 = a duration correction as
discussed in Section 2.3,
Equation (2).

The above equations assume: (1) an approximate shape of an
airplane's sound level time history; and (2) symmetry in the
time history trace around the Lm or PNLTmx, as appropriate.
The Lmx/PNLTu values computed with these equations were
verified using measured LAmx/PNLTn data in the literature.'

Given the computed Lx/PNLTmx and the user-defined duration and
location for a runup, the SEL/EPNL for the runup is computed by
multiplying the acoustic energy associated with the LAm/PNLTm
by the user-defined duration, and converting the total runup
energy to a decibel value as follows:

SELRumT = 10logj 0[(DUR)10exp(Lmx/10)] and (3)
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EPNLJumT . 10log1 0 [(DUR) I0exp(PNLTm /10)1, (4)

where SEL= = the Sound Exposure Level for
the runup (dBA);

EPNLRJmw = the Effective Perceived
Noise Level for the runup
(dB);

DUR - the user-defined duration of
the runup (seconds);

LNO= the maximum A-weighted sound
level computed, using
Equation (1);

and PNLTmx - the maximum tone-corrected
perceived noise level
computed, using Equation
(2).

The SEL4,. value from Equation (3) is then used to comi .ite the
noise exposure due to runup operations for all INM noise
metrics, except NEF and WECPNL. The noise exposure due to runup
operations for NEF and WECPNL are computed using the EPNI•..
value from Equation (4).

C.1 Verification

The runup enhancement within INM Version 4.11 was verified using
measured runup noise level data for the A320 airplane with the
newer CFM56-5-AI engine, and the B747 airplane with the older
JT9D-7A engine. 2' 3  The measured data for the A320 agree
extremely well with INM-predicted data, i.e., ± 3 dB with a mean
difference of .6 dB and a standard deviation of 2.2 dB, for
receivers located at angles of 0, 45, 90, 120, 135, and 180
degrees relative to the nose of the airplane. Note: At 180
degrees, the data used for comparison with the predicted levels
were obtained by linear extrapolation of measured data. The
agreement between measured and predicted data at the above six
receiver locations was essentially independent of thrust for
thrusts of 7e, 86, and 90 percent Ni. At the 150 degree
location, the agreement was only modest. INM Version 4.11
overstated the noise by approximately 6 dB at thrust levels of
86 and 90 percent N1, and by almost 12 dB at 78 percent N1.
Similar results were observed for the B747 airplane at all
receiver locations.

The agreement between measured and predicted runup noise levels
could be improved if the INM maintained a detailed data base of
measured runup directivity patterns for all airplanes as a
function of distance and thrust. In lieu of developing such a
substantial and potentially costly data base, the simplified
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directivity pattern discussed in Appendix A is a reasonable

approximation of runup directivity.

C.2 References

Bishop, D.E., Beckman, J.M., Bucka, M.P., Revision of Civil

Aircraft Noise Data for the Integrated Noise Model (INM),
Report No. 6039, Project No. 04453, Canoga Park, CA: BBN
Laboratories Incorporated, September 1986.

2 A320 Noise Definition Manual NDM, FRANCE: Airbus

Industrie, 1990.

An Excerpt from the Model B747 Flight Manual, A-eghte
Noise Level Contours, Seattle, WA: Boeing Commercial
Airplane Company, 1986.
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APPENDIX D

INK INPUT TESTCASE

This Appendix presents a copy of the INM Input Testcase, revised to
reflect several INM Version 4.11 enhancements. The revised
Testcase includes an airplane runup definition, and an approach
runway threshold definition. The entry related to data base
selection, contained in the PROCESS section of previous versions of
the Input Testcase, has been deleted; the ACDB11.EXE computer
program, included with the INM Version 4.11 release, should be used
to access/print all elements of Data Base Number 11. The Input
Testcase contained herein is included with the Version 4.11
release.
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SZwi. COENS

TZTL3 AJUNUAL AVERAGE ErPOSURE AT AN EXAMPLE Of A MEDIUM RUB AIRPOMTý
AIRPORtT cXXAI0LZ MHA2

ALTITUOS 0 Hoto Steadard conditions have been
TNNPSXATURt 59 F delined. To Lop1int the takeoff profile

generator see Sectlon 3.1. I7 ndditimo, the
RUlgays elevationm eehamommt has sot beom selected.

RN *9L-27R 0 0 TO 9407 -497 IIEDNIG.93 To Lmp.awat elevatie gon s e #tioa 2.3.
RI 27L-09R 4203 -1410 TO -6920 -1044 IEIdING-272
RN 35-17 735S 1366 DT 100 TO 6407 6742 Note: A zrmomy toch-downm point of 1054 ft

hea been defind for approach operationa*
AIRCRAFT: Rummy 35 (i.e.. 100 ft for the ,aer-dofLned

VT plus 954 ft for the fined touch-down
TYPES point).

AC 747200
AC DC1030
AC DC870
AC A300
AC 757P1
AC 727Q15
AC DC930
AC MD62
AC 737300
AC SAR&DO
AC ECSCP
AC S-76 CURVE-250C30 PARA-•MELI STAGE 1.HORFLT

CAT7GORY-PGA

NOISE CURVES

MC 250C30 3 BY 8 3 BY 9
UPRL
THRUSTS 1 2 3

200 90.2 91.2 97.2
400 65.8 87.2 93.1
600 83.1 84.5 90.6

1000 79.4 00.7 07.4
2000 73.7 75.1 62.6
4000 67.6 66.2 77.2
4000 63.1 63.S 73.7

10000 56.8 57.4 60.7
SEL
THRUSTS 1 2 3

200 00.6 90.0 95.6
400 64.2 65.6 91.S
600 01.5 62.9 69.0

1000 77.8 79.1 65.6
2000 72.1 73.S 01.0
4000 66.0 66.6 75.6
6000 61.5 62.2 72.1

10000 55.2 55.0 67.1

APPROACH PARAMETERS

AP NLI UEIGZNT-10000 ENGIXB-2 STOP-1
FZlSP-160 TAXI-160
LNDFFS-3

IWr.EM.

PROFILES APPROACH

PF ALT3D SEGNMEDS-7
DISTANCES 20. 10. S. 3. 1. -. 164 STOP
ALTITUDES 6000 3236 1644 1007 370 0 0
SPEEDS TERNSP INTSP APPSP FINSP LNDSP REVSP TAXI
"THRUSTS ZNTFIS APPFAS LNDFPS LNDFLS REV IDLE

PF COPrR SEGMETS-7
DISTANCES 3.9 3.1 2.4 1.6 0.8 0 0
ALTITUDES 2500 2000 1500 1000 S00 0 0
SPEEDS FINSP FINSP FINSP FINSP FINSP FINSP TAXI
THRUSTS LNDFPS LNDFFS LNDFPS LNDFPS LNDFFS LNDFPS

ECHO.

FT.

PROFILES TAKEOFF

PF KORFLT SEGMENTS-8 •IEGHT-20000 ENGINES-2
DISTANCES 0 1376 4126 6876 6877 9626 10000 15000
ALTITUDES 0 0 500 1000 1000 1500 1500 1500
SPEEDS 32 160 160 160 160 160 160 160
THRUSTS 2 2 2 2 1 1 1
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NCOMMENTS

TAX $S BY 1 JBOUEUCT:

TRACK TIt BUT 09L STRAIGHT 4.1 LEFT S H 1.6 STRAIGHT 50
OVER 747200 SLUM I 0.10 STARS I D-1.1 STAGE 2 D-1.1 STAGE 3 D.1.1 notes A russup operation has been defiLed
OVER DC1030 STAGE I 0-I.S STAGE 2 D-2.5 STAGE 4 0.2 for the 3747-200 airplane. The runup takee
OM 7P7579 STAGS 2 D.1.5 place at the start of Ruamy OI, ead laste
OVER 72701S STAGE I D.3 3-.S STAGS 2 D,2.6 X-.6 for 10 .. e.m".. (L.O., La terms of averege

STARE 3 D.1.2 S3.1 yearly duration).
OPS1 DC930 STAGR I D026.5 N-.S STAGE 2 0-9 V-.S

STAGE 3 D-1.5
OVER WQ41 STAGS 2 D01.0
OPVl 737300 STAGE I 06..S 3-.S

TRACK TR2 INr 272 STRAIGHT 4.1 LEFT 66 D 1.6 STRAIGHT 50
013V DC1030 STAGE I D.1.5 STAGE 2 0.3 STAGE 3 D-1

STAGE 4 D01 STAGE S D,.S STAGE 6 D-.5
OVER DC470 STAGE I D.2 H-.5 STAGE 2 D-3.5 N-1

STAGE 3 D01 STAGE 4 D-2.5 STAGE 5 D-1
STAGE 6 D..S

OMEN A300 STARS 2 •.2 STAGE 3 D-1
OP13 72701S STAGR E D-06 311 STAGE 2 D-4.4 ,,-1.4 STARE 3 D-1.6

N- .4

TRACK TiM3 RUT 091 STRAIGHT 1.3 LEFT 15 D 1.0 STRAIGHT 1.4
RIGHT S7 D 1.8 STRAIGHT .5 RIGHT S0 0 1.6
STRAIGHT 50

OPlE DC070 STAGE 1 0.,2 N-.S STAGE 2 D-3.S N31 STArGE 3 D-1
STAGE 4 D-1.5 STAGR S D-.5

OPVl 7S7P1 STARE 3 D-2.S
01ER 727015 STARE 1 D022 W.2.S STAGE 2 0.16.5 N-4

STAGE 3 D-6 X-.5
OPER DC930 STAGE 1 D-26.S N,.5 STAGE 2 D.6 N-.5 STAGE 3 D-1.S
OP13 ND11 STARE I D. 3 *-.S
OPER 737300 STAGE 2 D-.5

TRACK 7R4 RST 271 STRAIGHT 4.1 LEFT 230 H 2.2 STRAIGHT SO
OVER SMUb0 STAGE 1 D-3 N-.2

TRACK TRS RET 35 STRAIGHT S0
OVER SASEBO STAGE 1 D-30.5 N-2.5
OPUR EECSSP STAGR 1 D-13 W1.1

TRACK TR6 RUY 17 STRAIGHT S0
OPti SJBARI STAGE 1 0-12.5 N-.S
OPRR EECSeP STAGE 1 0.30 .-3

TRACK T27 RUT 17 STRAIGHT 1.S RIGHT 26S H .25 STRAIGHT 3
LEFT 245 H 1.0 STRAIGHT S0

OPRR 8-76 STAGE 1 0.S

LANDI3NGS BY TUCENTAGRE:

OPVE 747200 PRO-STD3D D.3 3-0
OPR9 DC1030 PROF-STD3D D022 3.2
OPM DC870 PROF-ALT3D D-22 3.2
OVPU A300 P.OF-STD3D D02 N-31
OMEl 757P9 PRO?-STD3D D06 N-1
OPEN 727010 PROF.ALT3D D070 N.10
OPU DC930 1ROF.ALT3D D-70 N14
OPR D061 PRO-STD3D D-4 N,-.S
OPER 737300 PROF-STD3D D0..5 N-.S
OPRR SARRSO PRO?.STD3D D025 N312
OPRR BECSP PUOF-STDSD D-42 N,.5
OPRR S-76 PROF-COPTR D0S

TRACK TRO RUY 27R STRAIGHT 50 RIGHT 82 D 1.S STRAIGHT 4.2
PERCENT CON-72 GA-0

TRACK TR9 RUT 09R HEADING 260 STRAIGHT 50 RIGHT 272 H 1.5
STRAIGHT 7 PERCENT CO.28 GA-0

TRACK TRIO RVY 35 STRAIGHT 50 PERCENT CON-0 GA-30

TRACK TR2l R13 17 STRAIGHT S0 PERCENT COH-0 GA-70

TOUCHNGOS BY FREQUENCY:

TRACK TR14 RRY 17 STRAIGHT 3 LEFT 180 D 2.0 STRAIGHT 6
LEFT 180 D 2.0 STRAIGHT 3

OP9R BBCSSP STAGE 1 PROF STDSD 0-23
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GRZD IM UN TA STARt,-3000 1500 ST"P-1000 700 S1ZE-2 BY 3

MUD M30 TA IA,.7S ttART-11000 3000 STEP-o 0 SIZE.i BY 1 DICTAIL

SC0WiO LOW AT 65 7S
PLOT SIU,,11 8.5 SCALS-8000

UD-.
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"APPENDIX 2

IM USER'S NKANUAL

This Appendix contains a copy of the User's Manual for the WINM
computer software, an INM Version 4.11 plotting program for use
with Microsoft Windows. The WINM software and its User's Manual,
contained herein, were prepared by the SysTeam Corporation under
contract to the FAA.
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WINM
Windows Plotting Program

Supplement to integrated Noise Model Version 4. 11

User's Manual

November 17, 1993

Prepared by:

Tung X. Le
Thach X. Le

SysTeam Corporation
Gaithersburg, MD

Prepared for:

Federal Aviation Administration
Washington, DC

FAA Contract # DTFAoi-92-Y-01042
Task Order #I
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1.0 INTRODUCTION

This User Guide is a combined tutorial-manual that comes to you as part of
WINM4.11.

2.0 OPERATIONAL REQUIREMENTS

Software/Hardware Requirements

WINM has the same software and hardware requirements as Microsoft
Windows 3.x.

3.0 INSTALLATION

Before you start, make sure that you have all the material supplied with WINM
4.11 and check that your equipment matches the list in Chapter 2.

Installation Procedure

WINM comes with four files under the directory INM411. These files will be
installed as part of the primary INM installation. They are:

WINM.EXE - The window plot program for INM
INMINPUT.TST - Test case version of input data
CONTOURS.TST - Test case version of contour data

1NMCOLOR.DATA - Color control file

Windows Installation of WINM

* Start up Windows by typing WIN.
* Open Windows' Program Manager.
* Open the Windows File menu. Select &ew.
* The New Program Object dialog box will appear.
* Select Program Group and click on OK.
* The Program Group Properties dialog box will appear.
* Type WINM in the Description field. Click on OK.
* Open the Windows File menu. Select New.
* The New Program Object dialog box will appear.
* Select Program Item and click on OK.
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* The Program Item Proper'es dialog box will appear. Enter the text in
the fields as indicated:

For Window 3.1 environment:
Description: WINM v4.11
Command line: C:INM4 11\WINM
Working Directory: C:INM41 1
Shortcut Key: None

For Windows 3.0 environment:
Description: WINM 4. 11
Command line: C:INM41 l\WINM
Shortcut Key: None

"* Click on OK.
"* Run WINM by double clicking the WINM icon.
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4.0 TUTORIAL

About the Tutorial

The tutorial has been structured so that the exercises will give you progressive
familiarity with the operations that you will carry out within WINM 4.11.

4.1 Loading INM Files

The starting point for this exercise is the default screen you see as soon as you
start WINM 4.11 from the Windows Program Manager.

SI . . . .. .. I I '',

---"- -4FI Mn

-1 I1'• I

in- - -files,

" .......... once on... "-h" left mous button

"~." In, th meu lc h os onenLa..

E-5
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By default, WINM uses two default INM input files. To load a different set of
input files,

• Place the mouse pointer arrow on Files in the menu bar; and
* Click once on the left mouse button.
* In the menu, click the mouse pointer on Load.
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See the Load dialog box.

SUM u,-A Some,,,me (FORU3.DA1n:

IMMenmu. Ue*wm. pFOR33ZAXJ: [.tw.o.TST

About the Load Dialog Box

This menu option loads the 1NM input file and INM contour file. By default,
test files "inminput.TST" "contours.TST" are chosen. Examples of standard
input files are in the square brackets.

For this exercise, the default selections will not be changed. If you desire to select
another set of INM input files in the future, use the Tab key to highlight the
appropriate text field, then press the Backspace key to delete the default entry.
Type in the appropriate file name. When correct, click on OK. For now, click on
Cancel to close this window and continue with the tutorial.

4.2 Adjusting the Data Display Information

In the menu, click the mouse pointer on Displays.

See the Displays dialog box.

IRunlways [0 Label

® Flight Tracks 0 Label

o Noise Contours 0 Label

0 Fill Contours

(g) Noise Sensitive Area 0 Label
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About the Displays Dialog Box

This menu option allows the user to select which data display information is to
be shown. Select any option one at a time and click on Apply to see its effect
immediately. Experiment with as many combinations as you like. Text labels
may be independently selected for each displayed item type by clicking on the
Labd box next to each item.

4.2.1 Runways

This radio button turns on/off the display of the runways.

4.2.2 Flight Tracks

This radio button turns on/off the display of the flight tracks.

4.2.3 Noise Contours

This radio button turns on/off the display of the noise contours.

4.2.4 Fill Contours

This radio button turns on/off the option to fill the contours.

4.2.5 Noise Sensitive Area

Although every one of these options depends on the INM input files selected,
the Noise Sensitive Area is a special option. This menu option displays user-
defined sensitive noise areas. These areas are defined after the END statement
of the INM input data file (FOR03.DAT), and each can be either a polygon,
square, circle, or point. The area can be defined in NM or FEET and a
descriptive text label for label description of the area can be inserted after an
asterisk (*) at the end of the line. The user can input/modify these data before
or after running the noise model (but not during running the WINM program).
The following shows an example of the descriptive text labels as seen in the
default INM input filename 'inminput.TST':

E-7



NOISE-AREA

P NM -10.0 -10.0 -5.0. 5.0 10.0 10.0 5.0 -5.0 * Poly Area
C NM -7.0 2.0 0.5 * Circle I
C NM -6.0 4.0 0.7 * Cir Je 2
R NM -5.0 5.0 0.5 0.5 *Rect 1
R NM -5.0 3.0 0.7 0.7 Rect 2
M NM 3.0 3.0 * Point I
M NM 3.0 2.0 * Point 2
M FT 3000.0 1000.0 * Point 3
M FT 5000.0 2000.0 * Point 4

The formats for these areas are defined as follows:

NOISE-AREA

P <NM> <XI> <Yl> <X2> <Y2> ... <Xn> <Yn> <Polygon Label>
Polygon area defined in NM followed by a series of X, Y points in NM
with a label of'Polygon Label'.

C <FT> <Xc> <Yc> <Radius> * <Circle Label>
Circle area defined in FT with its center at Xc, Yc, and its Radius with a
label of 'Circle Label'.

R <FT> <Xc> <Yc> <Width> <Height> * <Rectangular Label>
Rectangle area defined in FT with its center at Xc, Yc, and its Width and
Height from the center with a label of 'Rectangular Label'.

M <NM> <X> <Y> * <Point Label>
Mark point defined in NM at X, Y with a label of'Point Label'.

Click on OK to leave the Displays dialog box.

E-8



4.3 Zoom

About the Zoom Menu

WIN 4.11 offers you the capabilities to zoom in/out of various sections of
the display for specialize viewing.

We will now become familiarized with the zooming capabilities within WINM
4.11.

"• Place the mouse pointer arrow on Zoom in the menu bar; and
"* Click once on the left mouse button.

You will see the drop-down Zoom menu appear.

* In the menu, click the mouse pointer on Zoom In.

A zoom box will appear in the center of the screen.

"* Move the mouse to expand/shrink the zoom box.
"" If you desire to move the zoom area, hold down the right button and drag

the zoom box to a different area.
"* Click the left button to accept zoom.

Note! At any time, click the right button to cancel the zoom box.

Zoom Qut works similar to Zoom In.

"* Place the mouse pointer arrow on Zoom in the menu bar; and
"* Click once on the left mouse button.

You will see the drop-down Zoom menu appear.

0 In the menu, click the mouse pointer on Zoom Qut.

A zoom box will appear.

"* Move the mouse to expand/shrink the zoom box.
"• If you desire to move the zoom area, hold down the right button and drag

the zoom box to a different area.
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SClick the left button to accept zoom.

Note! At any time, click the right button to cancel the zoom box.

Zoom Control allows you more precise zoom control.

* Place the mouse pointer arrow on the Zoom menu; and
* Click once on the left mouse button.

You will see the drop-down Zoom menu appear.

* In the menu, click the mouse pointer on Zoom Control.

See the Zoom Control dialog box.

SScale Unftk Z Tick marks

This menu option allows you to set the scale value to a specific scale (i.e. 3.352
nm per scale unit) and to set the number of tic marks between the scale unit marks
(default is 1). You can change these values anytime.

For now, let's continue with the exercise. Click on Cancel to leave the Zoom
Control dialog box.

4.4 Scale

About the Scale Menu

WINM 4.11 offers you the capabilities to change the scale on which the display
units.

We will now become familiarized with the scaling capabilities within WINM 4.11.

"* Place the mouse pointer arrow on Scale in the menu bar; and
"* Click once on the left mouse button.
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You will see the drop-down Scale menu appear.

• In the menu, click the mouse pointer on any of the menu selections to see
its effect to the scale shown at the bottom right-hand comer.

We have now covered the major capabilities of WINM 4.11.

Let's print the display to a printer.

"* Place the mouse pointer arrow on files in the menu bar; and
"* Click once on the left mouse button.

You will see the drop-down Files menu appear.

0 In the menu, click the mouse pointer on Print. A submenu will appear.

4.5 Print

About the Print Menu Option

This menu option allows a hard copy output to a printer. The printout will go
to the default printer which can be set via Printers in Control Panel.

"* Actual Scale

This menu option allows the user to print the current screen for scaling.
The scale unit will reflect I inch on the hardcopy printout.

"• Screen Zoom

This menu option allows the user to print the current screen at the current
zoom factor. The left and right edges of the hardcopy printout will be set
to match the left and right edges of the screen display. If the printer's page
orientation is set to 'Landscape' in the Windows Print Manager, then the
top and bottom edges of the hardcopy printout will be set to match the top
and bottom edges of the screen display as well.

To print what is displayed, select Screen Zoom.

You can now exit the program.
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"* Place the mouse pointer arrow on Files in the menu bar; and

"* Click once on the left mouse button.

You will see the drop-down Eiles menu appear.

* In the menu, click the mouse pointer on DAt.

This menu option exits the program. The current display setup (contours on/off;
tracks on/oflf etc.) will be saved when the program is restarted, this setup will be
recalled.

CONGRATULATIONS!! You have completed the tutorial.
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5.0 Others

Move Origin

The user can move the origin by clicking on a point using the mouse's right
button, holding it down, and dragging it to a new location.

Colon for Display

The user can modify the colors displayed on screen by modifying the
appropriate fields in the file INMCOLOR.DAT. For every increment of 16
colors (up to 256), a new fill pattern winl be automatically introduced. The user
can modify the color file until the desired colors/patterns are found. Note that
the ordering of these colors as they appear in the file is very crucial. An
example is as follows:

4 /* RunwayClr */
2 /* LandingTrackCIr */
3 /* TakeoffTrack_Cir *
6 /* TouchngoTrackClr */
255 /* Level 40_Less_Clr */
237 /* Level 41 To 45 CIr */
173 /* Level 46 To50Clr*/
27 /* Level 51_To_55_Clr*l
102 /* Level 56_To_60_Cir */
85 /* Level 61_To_65_Cir *1
68 /* Level 66_To_70_CIr */
50 /* Level_71_To_75_Clr*/
140 /* Level 76_To_80_Clr */
17 /* Level_81_GreaterClr */

Help

Help is not available directly from the program. For technical problems, please
contact your distributor.
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6.0 Program Limitation.

"* Maximum 2000 points per noise contour.
"* Runways information input is in FEET (from INM input file).
"* Tracks information input is in NM (from INM input file).
"* Shade pattern on hard copy may not be the same as on the screen due to the

incompatibility number of colors support by the display and the printer.
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